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PREFACE. 

The idea of publishing an outline of tlie Field Soieneea of India., 
on the occasion of the Silver Jubilee Meeting of the Indian Science 
Congress Association, was suggested by Mr. W. T>. West, the 
Honorary General Secretary of the Association and was readily 
accepted by its Executive and General Committees. The original 
intention of the author of the scheme was to help the foreign 
delegates to a proper appreciation of the manifold field problems 
involved in the study in India of siudi subjects as iVl<5t h orology. 
Oceanography, Geology, Botany, Zoology, Ethnology, Agriculture, 
Animal Husbandry and Archaeology, and to enable them to make the 
best use of their short sojourn in this country. The publication was 
also intended to help the delegates to study any particular problem, 
in case they wished to do so, on the spot. The very title of the 
publication, however, denotes its scope, and those who may wish 
for more information on any of the subjc(‘ts dealt with in the volume 
should refer to the dot{|iled treatises made use of by the authors 
of the respective chapters. 

It walrtf pleasant duty to collect the neco^sary^material for this 
work. The readiness with which the authors ^cy)onded to the; 
invitation to contribute their respective chapters w»i most hel|)tul. 
To fulfil its original purpose the work had to be produced within 
the short period of about 0 to 7 months, and it is hoped tli^^ readcu-s 
will realize that under these limitations it was not possible to mould 
the various chapters to any general plan. Efforts were, however, 
made to bring about a certain ampunt of uniformity in the presenta- 
tion of the material in each chapter and tlie Editor is greatly 
indebted to the authors wh^ very kindly agreed to the suggestions 
made in this respect. 

To make the text intelligible to general readers, each chapter 
is suitably illustrated. The number of illustrations, however, 
had to be restricted owing to the limited funds available. The 
coloured Orographic Map of India, which forms the frontispiec^e, 
should enable the readers not only to locate tluj various places referred 
to in each chapter, but will also give a clear idea of the physical 
features of the country, a knowledge of which is absolutely essential 
for a proper study of the field sciences. 

It is hoped that the work as now presented will not only serve 
as a guide and a companion to all those who may wish to employ 
their leisure hours in the pursuit of the study of Field bcicmccs 
in this country, but will also enable the specialists in various 
branches of science to appreciate the problems of sister scioiutes. 
A composite publication of this ^ature is likely to have a wide 
influence in creating a broader outlook in the study of Science 
as a whole, and may help to bring about a certain amount of 
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co-operation between workers in diiFer^t branches which is so 
desirable for the advancement of science in these days of special- 
ization and which is one of the main objects of the annual meetings 
of the Indian Science Congress Association. 

To the students of science in India this publication is likely 
to be of great value and it is hoped that, in due course, it may 
stimulate among them a desire for work in the field. The true 
significance and value of the various subjects dealt with in this 
Outline canionly be appreciated through an extensive study in 
the field and in this respect such a publication was hitherto a 
desideratum. 

To achieve the above mentioned objects the Executive Commit- 
tee of the Association has agreed to distribute copies of this publi(;a- 
tion, free of charge, to all Ordinary and Sessional Members of the 
Congress and to charge members of the other categories only a 
nominal price. Separates of the various chapters have also been 
published and will l)e available for sale almost at cost price. 

The special thanks of the Editor are due, and are gratefully 
tend(^red, to Dr. B. Prashad and Mr. W. D. West for^lhoir kind 
help in various ways. The Science Congress Association is indebted 
to the Bombay Natural History Society, the Imperial Council of 
Agricultural Research, and the Director-General of Archaeology in 
India forjihe loan of the majority of the blocks used to illustrate the 
chapters on Vegetation, Eauna, Agriculture and Animal Husbandry, 
and Archaeology. Several other illustrations are reproduced by kind 
permission of the Director-Gene^;p,l of Observatories, the Editor 
of the Geological Magazine, the Inspector-General of Forests, the 
Editor of the Indian Forester, the Imperial Council of Agricultural 
Research, and the Home Department of the Government of India. 
The sources of the various borrowed illustrations are fully 
acknowledged along with their explanations. The thanks of 
the Association are also due to the Surveyor General of India 
for supplying copies of the Orographic Map of India at a specially 
reduced rate. 

The Association is indebted to the authorities of the 
Baptist Mission Press, Calcutta, especially to Messrs. P. Kjiight 
and N. A. Ellis, for their co-operation and help in the publication 
of the volume so expeditiously and in a manner characteristic of 
the reputation of this press. 

Museum House, Sunder Lal Hora 

Calcutta. 

November, 1937. ^ 
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India presents as great contrasts in nioioorological conditions 
as any area of similar size in the world, and 
^^Seasons^” furnishes the typical large-scale oxamijle of 
the alternation of seasons known as monsoons. 
The contrasts are striking. In the north-west lic^s the great Kaj- 
putana desert with average annual rainfall of 1(jss than 5 iiuduis ; 
in the north-east is CherrafJiinji with an average annual rainhill 
of 430 inches. The observatory at Dras in Kashmir has rec-ordtid a 
temperature as low as --49°^. ; that at *Tacobabad has sevt^ral 
times registered 126"^ and over. Hill stations in the Himalayas, 
such as Simla, may be shrouded in cloud for days together in 
September with humidities of 100 per cent., but in November 
may be overrun with air of practically zero humidity. The 
mean annual range of temperature at Cochin in South India, 
20°F., is less than the daily range at many stations in North India 
and only about one-third of their annual range. During the winter 
third of the year the general flow of the surface air strata is from 
land to sea and thence over the Indian Seas as a north-ensl memsoon ; 
it is a season of winds of continental origin and groat dryness. The 
summer third of the year sees a complete reversal of this condition 
in a flow from sea to land of the moist winds of the south-west 


1 Largely a reprint of Chapter XVI of ‘ Souvenir — The Indian Empire \ 
(Calcutta, 1927), Congress of Far Eastern Association of Tropical Medicine. 
Also compare Chapter III in Vol. I, Imperial Gazetteer of India, (1907). 
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monsoorij which consequently is a season of much humidity and 
cloud and frequent rain. Between these principal seasons of the 
year are the transitional periods of the#^^ weather months, April 
and May, and of the retreating south-west monsoon, October and 
November. The causes determining tho monsoon currents are 
many and complex but the fundamental cause is certainly tho 
difference of temperature in the winter and summer months respec- 
tively between Southern Asia on tho one hand and the Indian Ocean 
and China Seas on the other. 


The North-east Monsoon is fully established over the Indian 


North-east 

Monsoon 


land and sea areas in the beginning of January 
(text-fig. I), when Asiatic temperatures are at 
their lowest. There is then a belt of high 


pressure with anticyclonic conditions stretching from tho West 
Mediterranean to Central Asia and North-east China. Clear skies, 


fine weather, low humidity, largo diurnal range of temperature, and 
light northerly winds are the usual features of the weather in India 
during this period, broken only at intervals by weather disturbances 
which pass eastwards across Persia and Northern India, often 
into China. At Calcutta unfortunately tho general fine weather of 
this season, with its evening and morning inversion of tfemperature 
in tho lower atmosphere, often favours the formation of an evening 
blanket of smoke and morning mist. The western disturbances 
are ordinarily less intense than, but similar in type to, the depressions 
of Eurqpean latitudes. Tho precipitation accompanying them is 
small in amount, but very important for the winter crops. Some 
in their eastward passage give light rains over the whole of Northern 
India, while others which confipo their activity to the extreme 
north give moderate to lieavy rain in the Punjab plains and heavy 
snowfall in tho higher Himalayas. The disturbances are attended 
with marked temperature effects, a rise occurring in front of them, 
while in the rear unusually dry, clear weather prevails as a rule 
with stronger and cooler westerly winds. During this period of 
the year, rainfall is greatest in the north-west and decreases towards 
the south and east ; dry weather prevails generally in the Peninsula 
and South Burma. Tho distribution of temperature (text-fig. 2) is 
almost similar to that of rainfall, weather being colder in the 
north-west than in the east and south. 


The hot weather period of March to May is one of continuous 
increase of temperature and decrease of baro- 
^period metric pressure in North India, of continuous 

decrease of temperature in the South Indian 
Ocean and adjacent land areas of Africa and Australia and of 
intensification of the southern anti-cyclonic high pressure area. 
There occurs a steady transference northward of the area of greatest 
heat in India, and simultaneously of the equatorial belt of low 
pressure of tho winter season. In March the highest day tempera- 
tures, about I00°F., occur in the Deccan ; in April the area of 
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highest day temperatures, from 100° to 110°, lies over the south of 
the Central Provinces and Gujarat ; while in May the seat of 
greatest heat is Northern India, and ^especially the north-west 
desert, where day temperatures of 120°F. or over arc not infrequent. 
The area of lowest pressure also lies then over North-west India, 
with a trough stretching thence to Chota Nagpur. A local air 
circulation, with this trough as (centre, exists over India and causes 
indraughts from the adjacent seas of southerly winds across the 
Bengal (?oast and of north-westerly winds across the Bombay 
coast. The land and sea winds give rise to large contrasts of 
temperature and humidity and consef|uently to violent local storms, 
especially in Bengal, where they are usually called “ nor’-westers 
These are sometimes of tornadic intensity and very destructive. 

Towards the end of May the air circulation over India becomes 
• more and more vigorous, until, almost abruptly, 

Monsoon*^ the south-east trade winds from south of the 
equator arc induced northwards into the 
Arabian Sea and Bay of Bengal and caught up in the Indian 
circulation. In most years this humit} current, or the south- 
west monsoon, bursts on the Malabar coast during the first five 
days of June. It gradually extends northwards and is usually 
established over most of the Indian area by the end of June (text- 
fig. 3). The orographi(‘al features of India are of groat importance 
in modifying the flow of the monsoon currents and the distribution 
of monsoon rainfall. The mountain ranges to the east and north of 
India are equivalent to two sides of a box, through the other two 
sides of which the monsoon currents stream. The southerly or Bay 
of Bengal current is naturally deflected by the two sides of the box 
northwards through Burma, amfthen westwards up the Gangetic 
Plain. The Arabian Sea current surfiiounts the Ghats on the west 


coast, causes copious rain there, advances over the Deccan and 
Central Provinces, and generally meets the Bay of Bengal current 
along the line of the trough of low pressure, which normally 
extends from Orissa to North-west India. Depressions which both 
intensify the monsoon rainfall and tend to concentrate it in their 
vicinity occasionally form in the north of the Bay and move along 
this trough (text-fig. 4). Further the trough is not stationary but 
moves north or south of the normal position and affects the rainfall 
distribution as it moves. Consequently the monsoon period is not 
one of continuous rain in any part of India. Bursts of general rain 
alternate with breaks partially or generally as the case may be. The 
pulsatory character of this action and of the rainfall precipitation is 
one of the most important features of the monsoon period meteoro- 
logically, as it is also economically for the proper growth of the 
crops. On the average, it maj be said that the strength of the 
currents and the accompanying rainfall increase from June to July 
and remain steady till about the end of August. The monsoon then 
begins to retreat from Northern India. The table on page 6 shows 
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the general distribution of rainfall month by month from May to 


October over the Indian land area : — 

Inches 

May . . . . . . 3*1 

June . . . . . . 7*9 

July . . . . . . 11*2 

August . . . . . . 10*3 

September . . . . . . 7*0 

October . . . . . . 3*3 


Total . . 42-8 


There are four important variations from the normal in the 
monsoon rains over the country ; firstly, the beginning of the 
rains may be delayed considerably over the whole or a large part 
of India ; secondly, there may be prolonged break or breaks lasting 
over the greater part of July or August ; thirdly, the rains may end 
considerably earlier than usual, and lastly the rains may persist 
more than usual in one part of the coimtiy and consistently shun 
another. Consequences of the tliird variation are occasionally very 
serious and have been disastrous in the extreme in tho famine areas, 
while the fourth constitutes the most common abnormality. 

The second half of the wot season forms a period of transition 
Retreating leading up to the establishment of the conditions 

Southrwest of the dry winter season. This transition begins 

Monsoon in the early part of October and is usually 
not completed until mid-December. The Arabian Sea mon- 
soon current retreats southwa^^ds from Rajputana, Gujarat 
and the Deccan by a series of interiqittent actions. The Bay of 
Bengal current retreats similarly down the Gangetic Plain. The 
low pressure conditions previously prevailing in North India are 
obliterated by October, are transferred to the centre of the Bay 
at the beginning of November and to the south of the Bay by the 
beginning of December. By tho end of that month the belt of 
low pressure usually passes out of the Bay limits into the equatorial 
belt where it forms a permanent feature of the meteorology of the 
Indian Ocean during the next five months. Similar conditions 
obtain in the Arabian Sea also. This retreat is associated with 
dry weather in Northern India but with more or less general rain 
on the coastal districts of Madras and over the eastern half of 
the Peninsula, where October and November are often tho rainiest 
months of the year. 

From the foregoing description as well as from table A, it 
will be understood that the distribution of 
Vari^ons rainfall over c India depends largely on its oro- 
graphical features (text-fig. 5). If the hills 
and mountains of India were eflFaced, the country would receive 
much less rainfall and would not be able to support its present 
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population. It will also be seen that the rainiest season in most 
provinces is the monsoon period, Juno to September ; that rainfall 
during the cold weather is scanty but essential and economically 
important for the production of wheat cl*ops over Northern India ; 
and that the important rains in South-east Madrii»s are those of 
October to Dc(;eml)er. Stress has also been laid on the great vari- 
ability of monsoon rainfall in time and space in any one year. The 
variations in the amount of precipitation received from year to year 
a-re also surprisingly large. The average annual rainfall (text-fig. 6) 
of the Indian region, excluding Burma, is 42 inches and variations 
from this normal as great as +12 inches and —11 inches occurred in 
1917 and iSOO respectively. Long breaks in the monsoon or an 
abrupt finisli of the rains is disastrous to crops and produces droughts 
or famines. Tlie droughts occur ]:)articularly in the interior districts, 
the percentage variability of annual rainfall being 100 per cent or 
oven more in Nortli-wost India and parts of the Deccan. Droughts 
due to ih(^ failure of winter rains aifecit mostly the Punjab and the 
Gangetic Plain. The result of a drought may be scanaty or himine, 
(dther local or widespread. Famine, however, though once ‘ the 
bogey of the Indian administrator’ is rib longer the nightmare 
that it was, because the effects of a drought of any* parti(5ular 
intensity have been minimised in the past 00 years by the fiiminc- 
relief system, the spread of irrigation, the network of railways and 
improvements i?i dry- farming. 

On the other hand, tracts of country are sometimes deluged 
with rara and suffer distress through excessive flooding. The 
lieavy downpours occur chiefly near the tracks of the cyclonic 
depressions of the monsoon months or of the cyclones that occa- 
sionally advance inland from the' Bay of jicngal or Arabian Sea. 
A fall of 10 implies to 20 inches in a^day'ls by no means a rare 
occurrence. The heaviest ever reijordcd in the plains in 24 hours 
is 35 inches at Purnea in Bihar. 

At a time when the general meteorology of India was unknown, 

Gvclones Henry Piddington laid the foundations of our 

knowledge of the storms of the Indian Seas and 
introduc*ed the word cyclones to copnote them. In these storms, 
oval or circular in shape, the air moves in converging spirals in a 
left-handed direction against the hands of a clock. The winds 
l)ecome fiercer and fiercer as the centre is approached and reach 
hurricane force near it. In the innermost central zone of some 
ten miles diameter the wind suddenly hills off to a calm or light 
air, and the barometric pressure there often marks an inch, and 
sometimes as much as two inches, below normal. Cyclones generally 
die away soon after they reach land, but in the coastal districts 
which they touch may cause great havoc through high winds, 
torrential rain and, most destnfetive of all in low-lying districts, 
storm waves (text-fig. 7). The latter are due to the huge masses of 
sea-water swept forward by the storms and, when aided by a high 




Text-fig. 7. — Tracks of Cj'clones in Indian Seas. 
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tide, may inundate low-lying land to a depth of 20 feet. The storm 
wave accompanying the Bakarganj cyclone of 1876 was one of the 
most destructive on record ; about a hundred thousand people were 
drowned in half-an-hour on the alluvial flats of the Meghna, while 
an equal number died from epidemics of fever, cholera and other 
diseases, which almost invariably follow a storm wave. The 
principal cyclone months in both the Arabian Sea and Bay of 
Bengal are May, October and November. They may also occur 
in April, September and December, and, particularly in the Arabian 
Sea, in June on the advancing front of monsoon air. 

Temperature is perhaps, next to rainfall, the most important 
. ^ feature of meteorological observations in India 

^"^Cllmates^”^ economic standpoint. During one 

part of the year from January to May or June 
the inci^ease of temperature by solar action is greater than the loss 
by radiation and other actions, and hence temperature rises more 
or less steadily in conformity with the increasing elevation of the 
sun. During the remainder of the year, the balance is the other 
way and temperature steadily decreases from June or July to 
December. Though, in most countries July and August are as 
hot as, or hotter than, June, the similar phenomenon is prevented 
in India by the cloud and rains of the south-west monsoon. The 
annual variation of temperature is small in the extreme south and 
iiKjreases rather rapidly northwards ; proceeding along the east and 
west (!oast of India, it is twice as great at Bombay and Rangoon as 
in Malaoar and over four times as great at Karachi. It is from 
eight to ten times as great at stations in the North Deccan and 
Northern and Central India and is absolutely greatest in the most 
inland of the driest tracts, including Upper Sind and the Punjab. 
The difference between the minimum *tod maximum temperatures 
on a day, called the diurnal range, is much smaller in the wet than 
in the dry season and at coastal stations than in the interior. It is 
about 10°F. on the west coast of the Peninsula, and rises to 30°F. 
on the mean of the year in the Punjab and Upper Sind. 

As already indicated in the opening paragraph, different parts 
of India exhibit very great divefsity in respect of their climatic 
features. Northern or extra-tropical India alone, in its most easterly 
and most westerly provinces, in Assam on tho one hand and in 
Sind on the other, presents us with the greatest possible contrast 
of dampness and dryness, a contrast greater than that of the British 
Isles and Egypt ; and when, further, we compare the most northerly 
province, the Punjab, with the most southerly, such as Travancore 
or Tenasserim, we have in the former a continental climate of the 
most pronouncjed (character, extreme summer heat alternating 
with winter cold that sometime^? sinks to freezing-point, and in the 
latter an almost unvarying warmth in conjunction with a uniformly 
moist atmosphere, that is especially characteristic of the shores of 
a tropical sea. In addition to this heterogeneity on the plains. 
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there is a further variety due to the hills. Indeed, from a sanitary 
point of view and as health resorts, the climates of hill stations 
deserve special mention, ^hese stations are situated along the 
Himalayas and on the Ghats in the Peninsula. In all cases their 
atmosphere is cooler and damper than that of the neighbouring 
plains ; but while those in the North-West Himalaya are subject to 
great vicissitudes of heat and cold, dryness and limpness in the 
course of the year, those of Southern India and Ceylon are com- 
paratively equable, and their fine clear season is shorter than at the 
northern stations, and by no moans so dry. In table B are given 
the temperature data for a few hill stations, as well as {or selected 
stations in the plains. 

(The India Motoorological Department publishes Daily Weather Reportn 
in Poona, Cal(;utta, and Karachi ; the Indian Monthly Weather Report ^ Annual 
Summary ; and seasonal forecasts of monsoon and winter rains. The scientific 
work of the department is published in departmental Memoir a ^ Scientific Notes 
and in various atlases and handbooks). 
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Introduction. 

Until Geologists are able to come to some final conclusion 
regarding the past history of the eartli it is impossible for the 
Oceanographer to formulate a definite theory concerning the 
origin of any of the great oceans of the present day. In this 
respect the Indian Ocean presents a particularly difficult problem 
owing to the diametrically opposed views held by two schools of 
thought. Biologists and Geologists in the jmst have not hesitated 
to put forward theories regarding the previous existence, and sub- 
sequent disappearance below the sea, of large areas of land in order 
to account for a similarity in either the fossil or the living fauna and 
flora of lands that are now separatefl by wide stretches of sea and 
ocean. According to this school of thought, practically the whole 
of the region that is now the Indian Ocean and the area to the North 
of it was at the close of the Palaeozoic Era, in Permo-carboniferous 

( 17 ) 
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times, occupied by two separate masses of land, the great continent 
of Angara, covered by the ‘ Gigantopteris ’ type of flora, stretching 
from east to west across the northern tpart of the hemisphere and 
the corresponding southern continent of Gondwana, characterized 
by the ‘ Glossopteris ’ flora, extending from Australia through 
Peninsular India and South Africa on to South America ; between 
these two great continental masses ran a comparatively narrow 
sea that stretched from east to west uniting the Atlantic and 
Pacific Oceanic areas. At the close of the Mesozoic Era the great 
continent of Gondwanaland is supposed to have broken up, large 
areas fouiAlering beneath the ocean, so that Australia, India, South 
Africa and South America became separated, the last completely ; 
but India and Africa are supposed to have been still connected by an 
isthmus bridge, to which the name ‘ Lemuria ’ has been given, that 
followed a somewhat zig-=zag course and the line of which is to the 
upholders of this theory still indicated by the position of Madagascar, 
the Seychelles, Mauritius, Il6union and the Chagos, Maidive and Lac- 
cadive Archipelagoes. Similarly, on the east side of India a large area 
of land, traversed by a mountain belt ti3 which the name Madras 
Mountain belt has been given, is supposed to have extended east- 
ward, possibly as far as the Andaman Islands, and occupied th(^ 
area that is now the Bay of Bengal. In Permian times this land 
area together with Peninsular India formed, according to this 
view, an elevated region that drained northwards and was bounded 
on iW east side by a great sea that extended northwards from 
Tenasserim to Assam and then westwards to the Punjab. In 
the Jurassic epoch this eastward extension of the Indian Peninsula, 
still traversed by the Madras jnountain belt which by now had 
been considerably eroded, is suppose^ to have undergone subsidence 
and sank beneath the sea, thus giving rise to the fore-runner of 
tlie Bay of Bengal. About the same time the central part of the 
great continent of Angara is also supposed to have subsided, so 
that a great sea tlien extended from north to south and united 
the Arctic Ocean with the great tropical ocean that had drowned 
tlio greater part of Gondwanaland. 

A (.‘Cording to the second view, that was put forward by Wegener 
and is known by the name of the ‘ Drift theory all the great 
continents of the present day were originally parts of one vast 
land mass, that later became split up into fragments ; gradually 
these masses drifted apart, leaving the ocean basins as we sec them 
to-day. 

Whichever school of thought we may follow, at the close of 
the Mesozoic Era the Indian Ocean was composed of a northern 
and a southern part, in a manner that very closely resembled the 
Atlantic and Pacific Oceans the present day, while from east to 
west a circum- terrestrial sea, the Tethys, passed to the north of 
Arabia and India, terminating in what is now the Bay of Bengal,, 
and thus connected the Atlantic with the Indian Ocean ; 
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further to the south-east there was a wide and probably deep con- 
nection between the Indian and Pacific Oceans, passing between 
Asia and Australia. Ther^ was thus a highway, not only from 
east to west, or vice versa, but also from north to south, along 
which the marine fauna and flora could extend from ocean to ocean 
so long as they were capable of surviving the differences of tempera- 
ture and the competition of other already established forms and 
species. 

At the commencement of the Kainozoic Era, in Eocene and 
Miocene times, the great circum-terrestrial Tethys Sea began to 
be slowly but surely interrupted by the gradual uprifiing of the 
great Alpine-Himalayan mountain range ; at first this interruption 
was but slight, taking the form of scattered islands, but as tlu^ 
upheaval continued the sea became transformed into a series of 
lagoons or a chain of more or less land-locked lakes, the (Briginal 
sites of which are perhaps indicated at the present day by the great 
j)etroleum-bearing regions ; and finally even these were filled 
in. At the same time the upheaval of the Malayan arc caused a 
great obstruction to the §*ee passage between the Pacific and the 
south-east part of the Indian Ocean. At or about the same period 
the gradual* upheaval of the central Asian plateau caused the 
obliteration of the northern part of the Indian Ocean, so that 
to-day the only traces of its original vast extent are to be found 
in the Gulf of Oman and the Persian Gulf, and the great lakes of 
Asia, the Caspian Sea, the Aral Sea, etc. How far towards the 
south this upheaval of the Asiatic continent affected the Indian 
Ocean is not yet determined ; but it seems probable that at tlui 
close of the Miocene a mass of land occupied the area between 
India, Arabia and north-cast Africa, so that at that time there 
was as yet no Gulf of Aden or ?ted Sea, though these were beginning 
to be formed by the gradual development of the great African Rift, 
extending in a zig-zag direction from north to south between 
Palestine and Syria, then between Egypt and Arabia, and finally 
down the east side of Africa where the great African Lakes lie 
at the present day. Similarly, it has been suggested that even as 
late as Miocene times a vast tract of land once again extended 
eastward from India to the neighbourhood of the Andaman Islands, 
so that the Bay of Bengal was again obliterated. 


Topography. (Figure 1). 

At the present day India, with the island of Ceylon lying off 
its southern point, forms a triangle of land thrusting southwards 
into the Indian Ocean and thus dividing its northern area into two 
parts, the Bay of Bengal on the east end the Arabian Sea on the west. 
Each of these areas is again subdivided by a range of islands into a 
main area and a subsidiary region ; to the east of the Bay of Bengal 
the curved chain of the Andaman and Nicobar Islands forms the 
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western boundary of the Andaman Sea basin and on the south- 
west of India the straight north-south line of the Laccadive, 
Maidive and (Jlia^os Archipelagoes forms the western limit of the 
Laccadive 8oa. Each chain of islands marks the line of a great 
submarine mountain range, but there is this great difference 
between the two ; in the Andaman-Nicobar chain the islands are 
themselves the topmost peaks of the range, whereas in the 
Laccadive, Maldivo and Chagos Archipelagoes the islands are 
composed entirely of coral that has grown up and now covers the 
mountain peaks, the actual topmost points of the range being at 
some and« possibly a great depth below the surface. In the 
course of this growth the coral has here formed one of the finest 
series of atolls and lagoons in the world. 

Running from north to south down the Bay of Bengal to the 
west ot the Andaman-Nicobar Islands is a submarine ridge, named 
Carpenter’s Ridge, that rises from the sea-floor up to about 2,280 
metres or less and having water of some 3,650 metres on either 
side of it. It is probable that this ridge arose simultaneously 
with the Andaman arc and that both are parts of the Malayan 
arc that arose in Eocene-Miocene times contemporaneously with 
the Alpine- Himalayan system. To the east of the Andaman- 
Nicobar Islands lies a volcanic range that is in all probability 
Tertiary in age and is continuous with the series of volcanoes 
of Sumatra and Java ; in the Nicobar region this volcanic range is 
inextricably blended with the non-volcanic range of the Andaman 
arc but further to the north the two ranges diverge and the 
volcanic range trends towards the north-east, its course being 
indicated possibly by * Invisiblp Bank ’, that lies just to the east 
of Little Andaman Island and aln^ost reaches the surface, and 
certainly by the bank from which the nearly extinct volcano 
Barren Island arises, while the extinct volcano Narkondam rises 
from the sea-floor as a western outlier : finally, this volcanic range 
runs through Burma between the Irrawaddi and Salween valleys, 
past the recently extinct volcano Mount Popa and on into the 
Shan States and Yunnan. The fact that Barren Island still 
possesses a warm spring, while Mount Popa has according to tradi- 
tion only recently become extinct, suggests that the whole of 
this part of the volcanic range was active in comparatively recent 
times. It would seem probable that the Andaman Sea itself is of 
comparatively recjent origin and that originally it extended much 
further to the northward. The geological features of the Irrawaddi 
valley indicate that this region was slowly but surely, if irregularly, 
undergoing subsidence and this is in all x>robability true of the 
whole Andaman Sea basin. This subsidence appears to have 
affected the Andaman-Nicoban chain for the topmost peaks of the 
range commence with a height of some 8,000 feet above sea-level 
at Chypotong in the Arakan Range but fall to only 150 feet above 
sea-level on Batti Malv in the Nicobars and then rise again to 




Text-fio. 1. — Bathymetric C^art of the Indian Ocean. 
(Reprinted from Geol. May., LKXIV, 1937, after slight modiilcation.) 
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12,000 feet at Sinobong in Sumatra. Further eastward examination 
of the sea-floor has revealed the presence of an interrupted line of 
rock that runs almost parallel with th^present coast of Burma and 
that lies at a depth of about 141 metres at the northern end hut 
gradually sinks, as we trace it southward, till at its southern end 
near the island of Sumatra in Lat. 8° 52' N., Long. 96® 29' E. it is 
covered by 417 metres of water ; several isolated banks rise nearly 
to the surface, thus Heckford Bank lies at a depth of only 13 metres, 
Coral Bank at 20 metres and ttoe Bank at 15 metres,* but at ho 
point does the ridge actually break the surface. It seems probable 
that this is an arc of the Malayan Ranges that has become sub- 
merged since its upheaval in Tertiary times. 

The nature of the bases on which the Laccadive, Maidive and 
Chagos Arcihipelagoes respectively are perched (jan only he guessed, 
since flhere is no true land in any island of these groups ; indeed it 
seems possible that the two extremes of the chain may have had 
different origins, for the recent work of Lieut.-Col. E. A. Glennie, 
R.E., D.S.O., of the Survey of India, on the geodetic character of 
the Laccadive and Maidive groups has prpved that this differs in the 
two Archiptilagoes, a positive variation being found in the former 
and a ncjgative in the latter. Glennie draws the cohelusion that 
the Laccadives are perched on an upthrust, that may be a con- 
tinuation of the Aravalli Mountain Chain, the oldest mountain range 
in India and dating back to the Permo-Carboniferous Era ; the 
Maldives ho believes, on the other hand, to be situated on a deep- 
seated down-warping, and the actual ridge may perhaps be volcanic 
in origin, as suggested by Murray and others. Whatever the nature 
of the basic rock of these ridges may be, it is not improbable that 
they were once a part of the mainland and became separated off‘ 
from India and Ceylon by a fault, tfie lino of which is 7iow marked 
by the Laccadive 8ea, and, if we accept the Drift Theory of Wegener, 
were left behind and became submerged when India drifted away 
towards the north-east. 

To the west between India and Africa recent topographical 
investigations have revealed the existence of a^great submarine 
mountain chain, the Carlsberg Ridge, that rises from the sea-floor, 
with a depth of some 5,300 metres on its south-west side and of 
5,120 metres on the north-east, to a height of at least 12,(X)0 feet, 
soundings as shallow as 1,550 metres having been obtained in about 
Lat. 1° N. and again in about Lat. 10° N. This great ridge, which 
appears to be double throughout the greater part of its length, 
two high ridges enclosing between them a deep gulley in which the 
depth is some 3,380-3,660 metres, commences in the vicinity of 
the island of Socotra and Cape Guardafui and runs at first towards 
the south-east to near the Cljagos Archipelago, where it bends at 
first south and then west of south and, so far as the few soundings 
indicate, is continued as far as the island of Rodriguez. At this 
poi^^t the ridge loses its great height but, in all probability, is con- 
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tinned on at a lower level to constitute a Mid-Indian Ridge, that 
appears closely to resemble the corresponding ridge down the middle 
of the Atlantic Ocean ; further to the south this ridge expands into 
a wide plateau from whicli the islands of New' Amsterdam and 

Paul rise from one base and the islands of Kerguelen, Heard 
and Macdonald from a second, to whi(*h the name Kergiielen- 
(Jaussberg Ridge has been given ; finally the ridge blends with the 
Antarctic continent. At its north-western extremity there is some 
indication that the Carlsberg Ridge is continued towards the 
jnQrth-east to join a ridge that has recently been discovered by 
. the John Murray Expedition and to which the name Murray Ridgt^ 
• has been given ; this second ridge is also double in character, 
enclosing a deep gulley along which the depth is some J.fibO metres 
w'hile the banks on either side are covered by water of a depth of 
only 550-730 metres, and passing in a north-easterly direction across 
the entrance to the Gulf of Oman it joins the coast of India a lit tle 
to the north of Karachi and seems to be a submariiu^ continuation 
the Kirthar Range of Sind. Running from east to west along 
the coast of Baluchistan and Iran a third interrupted mountain 
chain has been discovcrcd*beneath the sea ; this seems to form a part 
of the Zagros mountain system. To the south-west of tlu^ (^arlsberg 
Ridge and running more or less concentrically with it lies the curve(l 
ridge of the Seychelles-Mauritius or Mascarem^ Bank, at the northern 
end of which lies the Seychelles Group of islands and at the southern 
end the islands of Reunion and Mauritius ; along the line of the 
bank is a series of reefs, namely Fortune, Saya (h^ MaHia and 
Nazareth Banks, together with Albatross Island and (Wga-dos 
Garajos Reef. From the region of Saya de Mai ha Bank a sonu^what 
lower submarine ridge arises on* the north-east side and curves 
westward to merge finally wi?h the East African coast. It is thus 
clear that the Indian Ocean is divided from north to soutfi by a 
great mountain range into eastern and w(>stern sections, while 
subsidiary ridges further subdivide each area into smaller liasins. 

At the present time we know extremely little regarding the 
' nature of the rocks of the sea-bottom. The 
^^^seaflewr^ * abrupt cessation of the Deccan Trap along the 
. west coast of India clearly indicates that this 
basaltic outflow must have extendecl far to tlu^ west of th(i present 
coast line ; it was therefore of special interest to obtain samples of 
rock of a basaltic; character both from the Carlsberg Ridge itself, 
in Lat. 1° 25' 54" N. ; Long. 66° 36' 12" E. from a depth of some 
3,385 metres and again from the deeper area of the Arabian basin, 
in Lat. 6° 55' 18" N. ; Long. 67° IP IS" E., from a depth of about 
4,850 metres. A careful examination of the chemical and physical 
characters of these fragments showed, however, that they differ 
from the Deccan Trap, and indeed ffom all known sub-aerial l)asalts, 
in having considerably less iron in their composition and also in 
being much less radioactive. Hence they cannot be regarded as a 
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submarine continuation of the Deccan outflow. It seems probable 
that the Carlsberg Ridge and its continuation, the Mid-Indian 
Ridge, are of volcanic origin throughout their whole length, for 
where the ridge reaches the surface, as‘at Rodriguez or the islands 
at the southern end, the rock is in every case volcanic. The 
same origin accounts for part at least of the Seychelles-Mauritius 
Bank for, although the Seychelles at the northern end are largely 
composed of granite, there is some basalt as well and the southern 
islands of Mauritius and Rthmion are definitely volcanic in origin. 
So also is the basis on which Providence Reef is situated. 

Unfortunately we have as yet no conclusive evidence of the 
age of this**great mountain system ; but the age of Providence Reef 
has been shown to be Tertiary, while the islands at the southern 
end of the Mid-Indian Ridge, namely Kergiaden, New Amsterdam, 
St. Papl, Heard and Macdonald, are also all of Tertiary age. If, 
as seems possible, the Murray Ridge is a continuation of the Kirthar 
Range of Sind, then this too is of Tertiary age. In this connection 
it is interesting to note that the line of the Murray and Carlsberg 
Ridges together forms an exact counterpart of the line taken .by 
the great Rift Valley system of Africa, tne two forming a looking- 
glass reflection of each other on either side of the meridian 55° E. ; 
both systems, the Rift Valley and the Carlsberg Ridge, are, further, 
areas of earthquake intensity, a linear belt of secondary intensity 
passing along each ; such a similarity suggests that the t wo systems 
are part of one orographic movement ancl, if this be so, then there 
is no doubt that the northern extension of the great Mid-Indian 
Ridge must be of Tertiary age. 

Geologists have reached the? conclusion that the long straight 
line of the west coast of India it; the result of an extensive scarp- 
fiiulting that occurred at some period t^fter the outflow of the Deccan 
Trap, lor only so can the abrupt cessation of this de})osit, which 
reaches a thickness of some 9,000 feet on the Bombay coast, be 
accounted for ; the ago of the Trap is generally stated to be about 
the close of the Oetaceous, though it may have continued on into 
the Eocene, and the west coast of India is supposed to have assumed 
its present form probably in the Pleistocene period. Blanford has 
further suggested that a similar fault is to bo found running from 
east to west along the coast of Makran and Baluchistan, and the 
presence of a submerged part of the Zagros Mountain system seems 
to corroborate this. The whole of the south-eastern coast of Arabia, 
from Ras Fartak eastwards past the Kuria Muria Islands almost as 
far as Ras al Hadd, for the most part terminates in steep or nearly 
vertical cliffs of stratified sandstone and limestone that may reach a 
height of 400-600 feet and that clearly, from the horizontal position 
of the strata, must have been deposited under water ; here the 
continental shelf is narrow aiAi drops very irregularly into deep 
water. As the sandstone must originally have extended very 
considerably further towards the south or south-east, it seems highly 
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probable that the straight line of the Arabian East African coast is, 
like that of India, due to an extensive scarp-faulting. If these 
views be correct, then the whole of the northern part of the Arabian 
Sea is surrounded by a system of faults and, in conjun(?tion with 
this there is, at the least, an apparent continuity of the land 
and submarine mountain ranges ; the deep gulley of the MuiTay 
Ridge system may perhaps be itself a line of faulting or alterna- 
tively may be the now drowned continuation of the old tertiary 
l)ed of the Indus River or of its hypothetical precursor the Siwalik or 
Indo-Brahm River of Pascoo and Pilgrim. All this strongly suggests 
that at one time, possibly in the Miocene Era, a large area of land oc- 
cupied this corner of the Indian Ocean but that this has shbsecpiently 
been fractured off and has subsided to the level of the sea bottom, 
some 3,300 metres below the surface. The age of the de])osits 
along this stretch of the coast that have been broken across range 
from Oligoccne to early Pleistocene, so that it seems probable that 
this subsidence, if it be a fact, also occurred in the late Phustocene 
Epoch and was thus contemporaneous with the faulting down tlu^ 
west coast of India. In most places along the continental margin 
the submarine rocks are (Covered witih a thick deposit of terrigenous 
mud and it is but rarely that actual rock masses are brought up 
hi the trawl or dredge. Up to the present time no specimens havc^ 
been obtained along the west coast of India-, but in the (lulf of 
Oman several rock fragments were obtairual off Mus(^at from a 
depth of 274 metres in Lat. 23® 41' 48" N. ; Long. 58'’ 3<>' E., 
and these seem to agree in their general (character v^ith llu! 
rock of the mainland. Off the Kuria Muria Islands hetwc(‘n 
^ and 1 ton of angular fragments of granite were*. lak(m in the 
dredge from 1,415 metres depth and these seem to liavefornKMl part 
of a scree slope, that is in albprobability a submarine continuation 
of the granite scree slope of the western end of the island »]ezirat 
Hallaniya and the adjoining Soda Island. Fragments of a vt*ry 
similar granite were also obtained from a reef on the continental 
shelf to the east of Ras Madraka (Lat. 19® 22' 36" N. ; Long. 59 
52' E.). Thus along this stretch of coast, where we have reason 
to believe there is a great scarp fault, the submarine rocks appear 
to agree with those of the land, as of course they should if such 
a view is correct. 

Up to a few years ago practically all changes in the relative 
levels of sea and land were attributed to movt;- 
Ghanges^of sea latter, but within recent years it 

has become recognized that sea-level is by no 
means a fixed plane and that there have been in the past wid(‘ 
oscillations and movements during which the sea-level has fallen 
and risen again. From the Oceanographic point of view perha])s 
the most important movement wbSs that which, according to the 
view put forward by Daly and others, occurred during the last 
Glacial Period. At this time the sea-level became markedly 
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lowered, partly by the actual abstraction from the ocean of large 
quantities of water, that were locked up in the Polar regions in the 
form of ice, and ])artly by the mass attraction of these large ice 
masses that drew a further quantity of water away from the tropical 
regions towards the poles. The sum of these two factors caused a 
fall in sea-leve;l throughout the tropical belt that Daly conserva- 
tively estimated at some 60-70 metres, but recently another 
American, Shepard, in order to a(;count for the presence of deep 
submarine gulleys off the mouths of many of the great rivers in all 
continents, has put this fall at as much as 915 metres, his argument 
being that these submarine gulleys are a part of the old river bed 
and must ifave been cut by the rivers when the sea-level was at a 


(correspondingly lower plane. 

At least two such submarine gulleys are found round the coasts 
Submarine India. On the west side, opposite the present 

gulleys mouths of the Indus river, lies the Indus 

‘ Swat(;h ’ that cuts through the edge of con- 
tinental slielf, commencing at a depth of about 30 metres and at 
its mouth reaching a depth of about 1,134 metres, on each side of 
which the walls of the gulley rise up to a^lcpth of only 200 metres. 
At the head of the Bay of Bengal a similar deep gulley, known 
as the ‘ Swatch of no ground ’, lies off the mouths of the Ganges ; 
here too the gulley commences at a depth of about 30 metres and 
(cuts through the edge of the continental shelf, having a depth of 
about 1,100 metres at its mouth. There is some evidence that yet a 
third submarine gulley exists off the mouths of the Trrawaddi 


river in the Andaman Sea. The theory that these subm{\rine 
gulleys are submerged river-beds rests on the assumption that the 
continental shelf is an originai part of the continent,* a view 
that is by no means universally*' accepted. An alternative 
view holds that they are duo to the deposition of mud and silt, 
brought down by the rivers, along the two sides of the outflowing 
river water, the deposition along the line of the flow being pre- 
vented by the (corresponding inflowing current of sea-water below 
the river outflow. The natural course of such an outflowing surface- 
current of fresh water must depend very largely on the direction of 
the prevailing wind and in the Indian region this, during the north- 
east monsoon, is, as the name implies, from that point of the 
compass, and it is interesting and suggestive to note that in each 
case this is the direction taken by the submarine gulley, which runs 
from NE. towards the SW. 


During the Glacial Period, when the sea-level was certainly 
Coral reefs lower than it is to-day, many banks and islands 
must have been eroded and cut down by wave 
action or by sub-aerial erosion. With the subsequent return of a 
Avarmer climate and the consequent melting of the great ice caps, 
the sea-level once again rose and submerged these banks : 
simultaneously the temperature of the sea became Avarmer, so 
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that corals, particularly reef-forming corals, and the calcareous 
Algffi, Coraliiiaceae, etc. were again able to flourish and the eroded 
])anks formed a suitable^ base on which they could settle and 
build up reefs and atolls, the height of the reef keeping pace 
with the steady rise in the water-level. Certain areas seem to 
have been particailarly favourable for such development and in 
the Laccadive, Maidive and Chagos Archi})elagoes were formed 
<^xtensivc reefs, many of which show a typical atoll formation. 

In other regions, such as around Southern India and Ceylon, 
along the coast of Southern Burma, including the Mergui 
Archipelago, and on round Socotra, Java and the islhnds of the 
Malay Archipelago to Australia, we find extensive fringing reefs ; 
similarly along part of the East African coast and up the U>ngth 
of the lied Sea there is extensive reef formation. Aropnd the 
Andaman and Nicobar islands in the eastern part of the Indian 
Ocean and fringing Zanzibar and Pemba islands, the Seychelles, 
Madagascar, Mauritius, Keunion and other islands in the western 
part are other reefs ; while crowning suitable bases we find numerous 
isolated reefs such as cfargados Carajos, Fortunes, Saya de Malha 
and Nazaitith Banks, together with a few isolated atolls suc^h as 
Farquharson and Aldabra in the west and (?ocos-Keeling in th(? 
east. Coral growth is thus clearly widespn^id throughout the 
Indian Ocean but there are certain regions in which it is cons|)icuous 
by its absence. In certain regions, such as around the Bay of 
Bengal, the reason for this appears to be the adverse^ eifet*t of the 
mud and silt that is carried down by the great rivers and is poured 
into the sea along the continental shelf, smothering and killing ott 
any coral organism that may hlive found its way there ; but iii 
the region of the East Africah coast to th(5 south of Cape Guardafui 
and along the south-east Arabian coast such an explanation cannot 
hold good and it seems probable that in these latter areas tlui 
absence of coral is to be attributed to a seasonal upwelling of 
deep and cold water brought about by the wind of the south-west 
monsoon. 

The fall of sea-level in the last Glacial Period seems to liave 
had a particularly marked effect on the region of the Malay 
Archipelago. Prior to this epoch a large area of dry land (^xtend(5<l 
to the south-east and included what are now the islands of Sumatra, 
Java and Borneo, all of which were connected together and formed 
a part of the Asiatic continent. A little further to the south-east 
a second largo area of land extended northwards from the Australian 
continent and connected Australia with the island of New Guinea. 
During the lowering of the sea-level, much of these two areas became 
eroded and peneplaned, and when at the close of the epoch the 
sea-level again rose this peneplaned area became drowned, thus 
causing the separation of the various islands and giving rise to the 
extensive shelf areas that exist at the present day. This drowning 
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of the Malayan area must have very greatly increased the connec- 
tion between the Indian and Pacific Oceans. 

8till later and probably not more Jh an some 4,000 years ago 
a second, though smaller, fall of sea-level octmrred throughout the 
tropical belt of all the great oceans, possibly as a result of an accu- 
mulation of ice in the Antarctic continent. On this occasion the 
sea-level fell by only about 7 metres and the result can bo seen 
clearly around the continental coasts in the form of ‘ raised ’ sea 
beaches and wave-worn ‘ benches ’ in the cliffs ; but the most 
important result of this fall from the point of view of the Oceano- 
grapher waj the effect that it had on the coral reefs. Coral can 
only grow up to sea-level and the fall of this level brought the 
topmost parts of the reefs above water and thus gave rise to the 
islands, composed of coral rock, that are to be found at the present 
day dotted over the reefs or around the rim of the lagoons. In 
each atoll there was originally, in all probability, a nearly continuous 
rim of ' land ’, only interrupted in places by the deep channels 
that ran from the open sea through the reef into the lagoon ; but 
during the subsequent years wave-erosion tj-nd sub-aerial weathering 
have destroyed much of the rim, and at the present day only a 
few islands remain, situated usually on the least exposed parts of the 
reefs, and these too appear to be undergoing gradual destruction, 
so that after a few more centuries the reefs will in all probability 
have been Cfompletely eroded down to sea-level again and there will 
then be no islands to mark the jiosition of the coral reefs. 

c 

Bottom Deposits. 

At the present time we still cknow practically nothing of the 
character of the rocks that form thci floor of the Indian 0(;can. 
Overlying these rocks are the muds and oozes that have been 
gradually deposited ever since the ocean first came into existence. 
These deposits arc derived from several sour(;es, namely : — 

(i) Water-bonie detritus and mud brought down by rivers 

and poured into the ocean — the result of land- 
erosion ; 

(ii) The products of marine erosion on the coasts and the 

breaking up by wave action of the continental margin, 
as well as the remains of animal and plant organisms, 
such as shells, corals, calcareous algae (Halimeda), 
etc., thus giving rise to marine muds ; 

(iii) Volcanic lava and ash thrown up by submarine vol- 

canoes. 

(iv) Air- borne dust and cosmic particles of extra-terrestrial 

origin ; and lastly 

(v) The remains of pelagib and other marine organisms, such 

as Diatoms, Foraminifera, Radiolaria, Pteropoda, 
etc., which build up from the chemical constituents 
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of the water, shells or skeletons that, when the animal 
dies, sink to the bottom and form a varying proportion 
of the mud qf ooze. 

It is the varying proportion of these constituents that give to 
the deposit its characteristic; .appearance and composition ; thus 
round the coasts and forming at least a large part of the Continenta l 
shelf we find terrigenous muds ; but, as we pass .away from land 
into greater depths of water, the remains of ])elagic organisms, 
espe(;ially those of animals that have a (calcareous slu>ll, bc^gin to 
preponderate and in these regions the sea-floor is usually covertMl 
with Globigerina ooze, or where the shells of the ])ela^c molluscs, 
the Pteropoda, predominate, with Pteropod ooze. In still grcatcT 
depths the action of the sea-water dissolves these calccareous remains 
before they are able to reach the bottom, but the siliceous remains 
of other pelagic organisms are unafFected .and we thus ge^ a. tyi)e 
of deposit in which the skeletons of pelagic Radiolaria predomin.ate, 
and to this type the name RadioLarian ooze has b(;on given, or else, 
as for instance around the South Polar region, the characteristic; 
feature of the deposit is* the remains of Diatoms, and hemee here 
we get a Dyitom ooze. Finally, where Foraminifera, R<adiolaria or 
Diatomacea form but a small part of the deposit and the main bulk 
is derived from air-borne dust and cosmic particles or perhaps from 
volcanic debris or very fine terrigenous mud, we get the type of 
deposit that is termed Red Clay. 

Associated with the presence of numerous rivers opeiung into 
the Bay of Bengal and Andaman Sea we find, 
as one would expect, that mu(;h of the sea-floor 
is covered with terrigenous muds, and as a 
result of this continual deposition it has been t;stimatcd that the 
sea- ward edge of the Continental shelf at the head of the Bay is 
steadily moving southwards at a rate of one mile in forty years. 
As we approach the mouth of the B.ay this mud gives pla(*e to 
Globigerina ooze with which in the central area is mixed a number 
of masses of water-logged pumice, that in all probability was largely 
derived from the great explosion of Krakatoa in 1S83 and aft(;r 
drifting up into the Bay became water-logged and sank, bcung 
slowly swept by the rot.atory movement of the deep water in the; Bay 
inwards towards the centre of the region. 

Similarly at the head of the Arabian Sea, where the out- 
flowing water from the Persian Gulf sweeps along the detritus from 
the Tigris and Euphrates rivers, and off the (;oast of India where 
the Inclus and Narbadda rivers pour theur silt-laden waters, the 
sea-floor is covered with a green terrigenous mud, that in the d(;ey)er 
levels of the Gulf of Oman gradually changes to a grey mud or clay. 
Under the influence of the north-east winds a great deal of this 
mud seems to be swept by the current along the coast of Arabia and 
even into the Gulf of Aden. 
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In the Red Sea the bottom deposit is of a different type in the 
p northern and southern areas ; in the northern 

^ part the deposit is a f/ellow mud, whereas in the 

southern region the colour changes to brown and here the inflowing 
current from the Gulf of Aden carries in large numbers of Pteropoda, 
which are killed off in thousands by the sudden change in the 
character of the water, and their shells, falling to the bottom, 
give rise to a Pteropod ooze, in which a calcareous rock appears 
to be in process of formation. Patches of Pteropod ooze are also 
to be found in the Andaman Sea and on the floor of the ‘ Swatch 
of no grounU ’ off the delta of the Ganges. 

Along the eastern part of the South Arabian coast and in the 
Azoic area Gulf of Oman a large area of the sea-bottom 
•; appears to be markedly inimical to animal life 

for between the depths of approximately 200 and 1,250 metres the 
whole of the region comprises a large azoic area and this condition 
reaches its height off Ras al Hadd where the bottom mud is strongly 
impregnated with Sulphuretted Hydrogen gas, the source of which 
is at present unknown. Small quantities of the same gas are to be 
found in the muds of some of the Maidive Atolls and in a few 
other localities, as off Bombay and off the Arabian coast near Aden. 

In the deeper waters of the Indian Ocean the bottom deposit 
- changes from terrigenous mud, or in the 

I neighbourhood of the great coral reefs from 

coral mud, to Globigerina ooze. 

In the deepest areas of all and especially in the Arabian Basin 

Red Gla north-^ast of the Carlsberg Ridge, the 

^ Indo-Australian Basin in the south-east part 
of the ocean between the Mid-Indian Ridge on the west and the 
Malay arc and Australia on the east, and in the South -Australian 
Basin the floor is covered with Red Clay, and a patch of this 
deposit is also found in the Madagascar Basin. 

There is very little Radiolarian ooze in the Indian Ocean but 
pat(5hes of this deposit have been found in the Indo-Australian 
Basin to the north of Cocos-Keeling Atoll, in the South Somali 
Basin, where it seems to be surrounded by a small patch of Red 
Clay, and in the Mascarene Basin. 

In the southern area, from about Lat. 45°-50° S., the bottom 
^ deposit consists of Diatom ooze, a tvpe of deposit 

that IS characteristic of Polar regions and is 
associated with the great prevalence of Diatoms in the sea-w^ater of 
these high latitudes ; it is extremely interesting to note how closely 
the northern limit of this deposit coincides with the line of the 
Sub-polar convergence, where the cold polar water meets and is 
driven below the w'ater of the West-w'ind Drift. 


Red Clay 


Diatom ooze 
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HYDRO(mAPHY. (Figure 2). 


The Indian Ocean is ftlled with water that can be divided, as 
we pass from the surface to the bottom, into a succession of strata , 
each characterized by the temperature and salinity of the water, 
as well as by the amount of oxygen that is dissolved in it. Each 
stratum is in a state of continual movement, the direction of How 
being determined by external forces, such as the winds and the spin 
of the earth, and by an internal factor, the density. Recent 
w'ork has indicated that there are at least four and possibly five 
such strata. ^ 

At the surface and extending downwards for some 100 metres 
Q f m ^ stratum of water that is continually moving 

ur a ra u f^Qj^ place to place under the combined influences 
of the wind and the spin of the earth, while its (jompositiofi varies 
from area to area and from season to season according to the degrees 
of evaporation, that raises the salinity, or the amount of rain- 
fall, that lowers the salinity either directly by oceanic stonns or 
indirectly by the outflow of river water and in Polar regions by the 
amount of melting of the ice. The extent to wliich rainfall will 
influence tile salinity of the sea- water varies again from region to 
region, according to the number and size of the rivers that empty 
into it. Such a lowering of salinity is very marked on the oast 
side of India, since opening into the Bay of Bengal there are no 
less than six large rivers, namely, the Cauvery, Kistna, Godavery, 
Mahanaddi, Ganges and Brahmaputra, as well as innumerable 
smaller streams, while further east and opening into tlu^ Andaman 
Sea are the Trrawaddi, Sittang, Salween and Tenassorim rivers. 
On the west side of India the onfy rivers worthy of note that How 
directly into the Arabian Sea are the Indus, Narbadda and Tapti. 
As a result the surface water of the Bay of Bengal has a Iow(^r 
salinity than that of the Arabian Sea and this is particularly the 
case during the months that follow the rainy season of the south- 
west monsoon. 


In the Tropi(;al and Sub-trophuil region of the Indian Ocean 
the surfa(?e water is driven along by the south- 
^'***^ms^'**"" trade winds in the southern hemispliero 

and by the alternating north-cast and south- 
west monsoon winds in the northern hemisphere, so that during the? 
winter months the bulk of the surface water tends to converge on 
the African coast. In the neigh })our hood of the north end of 
Madagascar the westerly-flowing current divides into two streams, 
one of which turns north to form the Somali stream, that is very 
weak at this time of the year but which forms a very strong current 
during the south-west monsoon, ,whilc the other bends to tlu^ 
south and, passing between Africa and Madagascar, is reinforced by 
a further part of the south-equatorial current that sweeps round 
the southern end of Madagascar. These two masscis of water 



32 


FIELD SCIENCES OP INDIA. 


combine to form the great Agulhas current, part of which flows 
round the Cape of Good Hope into the Atlantic and joins the 
Benguela current and the south-east S?rades of that ocean and 
the rest swings to the south-east and meets with and joins the 
West-wind Drift of the ‘ Hearing Forties During the north- 
east monsoon there is a strong flow of water from the Pacific to 
tiie Indian 0(;ean through the Straits of Malacca into the Andaman 
Sea and out into the Bay of Bengal, and this, joining with the low 
salinity Bay of Bengal water, can be traced flowing westwards as 
far as the Seychelles ; during the south-west monsoon this flow 
from the Pacific to the Indian Ocean is stopped or may be reversed, 
but there is now a strong flow of water westward between the 
Malay Archipelago and Australia. In the Equatorial region between 
Lats. 5° and 10° S. there is a reverse flow of water from west to east, 
constituting the Contra-equatorial current, that on meeting the 
less saline surface water of the Bay of Bengal sinks beneath it to 
join one of the deeper strata. 

To the west of India the Red Sea opens through tlie Gulf of 
4 , T Aden into the Arabian Sea on its north-west 

mediate current Persian Gulf through the Gylf of Oman 

on its north side ; both of these areas are regions 
of very little rainfall and high evaporation, and, although the 
Tigris and Euphrates rivers open into the Persian Gulf, the high 
evaporation more than counterbalances the influx of river water, 
so that^the outflowing water from these areas has a high salinity 
and high temperature. As this water flows seaward it becomes 
cooler and, as a result of the consequent increase in density, sinks 
below the surface and forms onq, of the deeper water strata ; this 
stratum is known as the Tropical Ii\termediate current, and as it 
passes southwards is in all probability joined opposite the southern 
end of India and Ceylon by a mass of water that has sunk down 
beneath the surface in the Bay of Bengal and that on leaving the 
Bay seems to swing towards the west or south-west. This combined 
mass of water passes across the Equator at a depth of about 1,000 
metres and appears to swing towards the south-east, sinking as it 
goes, so that in Lats. 40°-50° S. it lies at between 2,000 and 3,000 
metres depth ; further south than this it tends to rise again towards 
the surface. 

In the southern area of the Indian Ocean under the influence 
of the west winds of the ‘ Roaring Forties ’ 
medfate currenV is set up a circum-polar movement of the 

surface-water that is continually moving towards 
the east and north-east ; the line along which this sub-polar water 
meets the water of the South-east Trade Drift is known as the 
Sub-tropical Convergence line and here the sub-polar water sinks 
beneath the surface and can be traced flowing towards the north 
at a depth of about 1,000 metres as far as the Equator or even 
beyond, for ultimately some of this Sub-polar Intermediate current. 




-The Circulation of the Water Masses in the Indian Ocean in a X.-S. section from the Gulf of Aden to Antarctica (after Mdller), 
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as it is termed, can be traced as far as the Gulf of Aden and the 
Gulf of Oman. To the south of the ‘ Roaring Forties ’ and between 
this and the Antarctic continent the ^irface Polar water is con- 
tinually moving towards the north-east ; owing to its greater den- 
sity this water is driven below the Sub-polar water, forming the 
Sub-polar convergence or ‘ Meinardius Line.’ 

Finally in the deepest levels of all we find a mass of water of 
low salinity and low temperature that is coming 
Antarctic from the South Polar region and is moving^ 

Bottom Drift along the bottom at first towards the north-east 

^ and then to the north, up into the Indian Ocean 

and on past the Equator into the Arabian Sea and the Bay of 
Bengal, forming what is known as the Antarctic Bottom Drift. 
Owing to its situation on the bottom this deep layer is particularly 
infiuendbd by the bottom topography ; submarine mountain chains 
or the treiul of the continental coast-lines will largely determine 
the direction of flow and we thus find that the Mid-Indian Ridge 
splits this ])rift into two great streams ; the one to the west of 
the Ridge passes northwards till it coifies in contact with the 
Mauritius-Seychelles bank, which splits it into two streams that 
pass respe(;tively to the east and west of this (?urve6. mountain 
t^hain into the North and South Somali Basins. The western 
stream flows towards the north-west, probably turned in this direc- 
tion by the curve of the Mauritius-Seychelles bank, till it meets 
the African coast, where it is deflected towards the north-east and, 
finally, passing Cape Guardafui and Socotra flows in part into the 
Gulf of Aden, while the last traces of it run parallel to the Arabian 
coast and so enter the Gulf of Oman. The eastern branch appears 
to be in the main deflected upwards towards the surface, where it 
may serve to augment the mass of water that is flowing eastwards 
in the Contra-equatorial (current . East of the Mid -Indian Ridge 
between the Kerguelen Plateau and Australia the second great 
stream of Antarctic Bottom Water flows north-eastwards and 
meeting the curve of the Malayan arc swings northwards to the 
entrance of the Bay of Bengal, where, meeting Carpenter’s Ridge, 
it too is split into two streams, one passing on into the Bay along 
its east side and the other sweeping westward across the mouth of 
the Bay till it reaches the east side of Ceylon and South India and 
is again split into two streams, one branch passing up the east side 
of India into the Bay of Bengal and the other passing further west- 
wards into the Laccadive 8ea and possibly across the Maidive Ridge 
into the Arabian Basin. As a residt of the two streams passing 
into the Bay of Bengal along its two sides, a complicated rotary 
movement of the water masses is set up on the bottom and this 
has resulted in floating objects such as pieces of pumice, that 
gradually become water-logged and sink, being slowly swept round 
and round till they finally come to rest on the bottom in the central 
region of the Bay. 
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In addition to these movements of water Avithin the Indian 
Ocean there is evidence to show that a continual exchange of deej) 
water is going on between the Indian and both the adjacent oceans, 
the Atlantic and Pacific. On the south-west side of the Indian 
Ocean at a depth of about' 2,000-4,000 metres there seems to be a. 
deep current of water, having a low salinity but a high oxygen 
content, coming out of the Atlantic Ocean and flowing eastward 
past the Cape of Good Hope into the Indian Ocean and then north- 
wards up the east coast of Africa as far as Madagascar. A similar 
deep current probably passes to the south of Australia hetw(‘en the 
Indian and Pacific Oceans. ^ 

In addition to these currents and drifts in tlie deep waters 
Seiches Indian Ocean there is some evid(Mice that 

seems to indicate that tlie deep water is, at 
least in certain seasons of the year, undergoing a periodic to-and- 
fro swing or ‘ seiche ’ in some of the more or less enclosed areas. 
Up to the present time such evidence is available only for tlu* 
Bay of Bengal and the Andaman Sea ; and it is especially in these 
two regions that the infloiving river water (‘auses, as we have? seen, 
a lowering pf the salinity of the surface stratum, so that a layer 
of less saline water rests on a deeper more saline stratum. During 
each monsoon the surface stratum under the infiuence of a more or 
less constant wind, blowing from the north-ea.st or south-west 
according to the season, is driven towards one side of tlu^ region 
and is there piled up against the coast lino so that tliisosurface 
layer bec^omes thicker on that side of the area than on tli(^ other 
and the plane of demarcation between thc^ two layers l)(H*omeH 
inclined ; with the cessation of tbj[> impelling wind at the close of 
each monsoon this plane of . demarcation imincidiately tends to 
return to the horizontal and in conseciucnce there is dtjveloped 
in the bottom stratum a swing of the watcu* that has a time jx^riod 
depending on the depth and density of the two strata and tluj size 
and shape of the containing basin. As a n*sult of this to-aiid-fro 
swing the deeper stratum will periodically and alt(^rnately at each 
end of the basin be brought nearer to the surface and at such t imes 
under the influence of wave-action there will result a certain degree 
of mixing between the upper and lower strata, so that the salinity 
of the coastal water will exhibit a rise and fall sliowing the same 
periodicity. No actual proof of such a swinging movement in the 
deeper water has as yet been obtained in these t wo regions but it has 
been found that the surface salinity of the coastal watcjrs of both the 
Bay of Bengal and the Andaman Sea exliibit a rhythmic rise and 
fall, the period of which corresponds exactly with the time that a 
seiche should take in these waters, namely, in the Andaman Sea, 
where the seiche would appear to be of the uni -nodal tyf)e if it be 
present, from 17-19 days and in the Bay of Bengal, where the seiche 
would seem to belong to the bi-nodal type, of 15’5 days in the long 
axis of the Bay and of some 5*5 — 6 days in the transverse axis. 
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Associated with this periodic variation in the salinity of the sur- 
face water there may be at certain seasons an equally periodic- 
appearance in the upper levels of large numbers of animals, such 
as small Salps, llhizostomous Medusae or certain species of pelagic 
Crustacea, that, in all probability, normally inhabit a deeper stratum 
but are carried up towards the surface by the upward swing of 
the deeper water. 

From the point of view of the marine Biologist one of the most 
^ ^ ^ ^ important ingredients of the sea-water is the 

oxygen that is contained in solution. This 
oxygen is derived from the surface, partly by direct solution from 
the atmosphere in the uppermost water layer and partly by the 
action of the chlorophyl-bearing phyto-plankton, that under the 
influence of direct sunlight carries out the process of photo-synthesis, 
building up certain simple chemicals, such as nitrates and phos- 
phates, into their body tissues and sotting free oxygen that is at 
once dissolved in the water ; clearly this process can only be carried 
out in the extreme upper levels^ since the depth to which light can 
penetrate the sea-water is very limited and, where there is a large 
amount of plankton in suspension, this depth will be i^veii smaller 
than usual. Correlated with this wo find that whereas there is a 
fair supply of oxygen in the upper levels, this rapidly diminishes 
as we pass downwards, the oxygen being used up by the zoo- 
plankton and other pelagic animals, till at a depth of about 100 
metresi there is usually less than 1*0 cc. of oxygen in a litre of water 
and at 800-1,000 metres depth less than 0*1 cc. Passing still 
further downwards towards the bottom we find that the amount 
of dissolved oxygen again begins to increase till in the deepest 
depths the amount present may b§ as much as 2*5-2*75 cc. per 
litre ; this increase in the bottom levels is correlated with the 
sinking of the South Polar water from the surface to give rise to 
the Antarctic Bottom Drift, that carries a supply of oxygen along 
the bottom of the ocean up to and beyond the Equator. 

As the nitrates and phosphates in the surface waters are built 
N tri t It tissues of the plants and subse- 

u en sa s q^iently, after digestion, into the bodies of the 
animals that feed on the plants, the supply of these salts at the 
surface will gradually be depleted, whereas, as the animals and 
plants die and their carcases sink to the bottom, where by bacterial 
or some similar action the nitrates and phosphates are again set 
free, the bottom water will gradually become more and more rich 
in these salts. The replenishment of the surface and upper levels 
can thus only be brought about by an upwelling of bottom water 
towards the surface. Such upwelling is known to occur along the 
east coast of Africa near Cape Giiardafui and along the south-east 
coast of Arabia during the south-west monsoon, for the study of 
hydrodynamics has shown that under the influence of a strong wind 
the water of the sea-surface is swept in the northern hemisphere, 
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not in the direction in which the wind is blowing but at an angle 
to the right of this, so that the south-west monsoon wind, which 
blows more or less parallel to these coasts, will drive the water away 
from the land and thus cause deep water to well up to the surface 
to take its place ; a similar upwelling of water appears to take 
place on the east of the Seychelles-Mauritius bank, where it serves 
to augment and to replenish the supply of nutrient salts of the 
(Jontra-equatorial current. In consequenc(5 of this replenishment 
of the nutrient salts in these two areas wo find that the amount of 
])lankton present in the upper levels is particularly rich. In 
addition to this supply of nitrates from the bottom wat^r a further 
source of supply is in all probability to bo found in the Tropics 
in the rainfiill, and especially that which occurs during thunder- 
storms. During such storms the electrical discharge in the lightning 
causes the formation of nitric acid and this is carried dowi\ in the 
rain ; it has been estimated that as much as 5 tons of this acid is 
formed annually over every square mile of India. Much of this 
acid becomes combined with alkalies in the soil and thus serves to 
fertilize the land but, in addition to the amount that falls directly 
into the sea, a great deal must also be carried into the great rivers 
and eventually be poured into the sea, especially in the Bay of 
Bengal and the Andaman Sea, into which so many of the rivers of 
India and Burma open ; during the north-east monsoon the water 
is swept out of the Bay of Bengal and round the south of Ceylon 
westwards and can be traced extending on the surface in* a wide 
belt as far as the Seychelles, and during the John Murray Ex])CMlition 
the surface water in the neighbourhood of the Maidive Archipcjlago 
in February was found to be particularly rich in nitrates, that may 
thus be accounted for. * 

Along with the supply of nutrient salts the large rivers (;arry 
^ down a supply of mineral salts that are beneficial 

nera sa s growth of Diatoms and it has been found 

that estuarine regions are particularly rich in phyto-plankton, 
whereas, as we proceed further and further towards the open ocean, 
the character of the plankton changes and becomes zoo-planktonic 
in character. Usually in the open waters of the tropical ocean the 
amount of zoo-plankton present at any given time is comparatively 
small, as compared with that in more northern or southern regions ; 
this has been used as an argument in support of the view that 
tropical waters are relatively deficient in animal life as compared 
with the cooler, more northerly or southerly regions ; but it must 
be borne in mind that the rate of reproduction in the Tropics is 
considerably more rapid than in colder climates and moreover in 
all probability the breeding season is much more prolonged, so that 
there is not so great a degree of disparity, if indeed there be any, 
in the total amount of life in the ocean between Tropical and Sub- 
tropical or Polar regions. 
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In spite of the fact that plankton of the zoo- and phyto- 
types appears to have, at any rate in certain areas, a mutually 
exclusive action on one another, so that where phyto-plankton is 
particularly abundant the number ot animals present is com- 
paratively small, there is no doubt that the amount of zoo-plankton 
than can exist in any area of water depends on the amount of phyto- 
plankton on which the animals can feed, whereas on the other 
hand an increase in the number of herbivorous animals will cause a 
fall in the amount of plant life. It has been found in Indian waters, 
as in the more northerly waters of the North Atlantic, that there 
is annually^an increase in the amount of phyto-plankton present in 
the surface waters in the month of April — the spring outburst — 
at the time of year when in Indian waters the sea- water is warmest 
and when there is plenty of sunlight. A month or two later, how- 
ever, this ])iirst of plant life is succeeded by a marked increase in 
the amount of the zoo- plankton and simultaneously the quantity 
of the phyto-plankton becomes redu(;ed. 

Biology. •» 

Since the vast majority of marine animals at soiiie stage or 
other of their existence pass through a floating or pelagic stage, 
during which they form a jiart of the plankton that is swept along 
by the currents and so drifts from place to place in the ocean, a 
study of the movements of the water masses is of the greatest 
importance for the right understanding of their distribution, not 
only because this movement provides the necessary mechanical 
propulsion but because within the limits of such currents the water 
maintains, with only very slighf and gradual changes, a more or 
less constant physico-chemical (!ondUion that is required by the 
organisms inhabiting it, any rapid change of either salinity or tem- 
perature being almost invariably fatal. 

Many of the planktonic animals are capable of a certain degree 
of independent movement by which they are able to adjust their 
level in the ocean ; thus certain organisms may be found at or near 
the surface at night, but at the approach of dawn and the onset 
of brilliant light, which they almost universally dislike, they swim 
downwards through a comparatively short distance and so reach a 
level wliere the intensity of the light is best suited to their existence ; 
as the day closes they once again move upwards and make their 
appearaiK^e on the surface. Such a vertical migration may be 
assisted by the daily change-over of the upper water levels, that is 
brought about by the daily change in salinity. During the day 
the up})ermost stratum of the water becomes, as a result of evapora- 
tion, more saline, though owin^ to warming by the sun’s rays it is 
rendered less dense and so remains at the siirfac’e ; with the onset 
of night and consequent cooling this surface water becomes more 
dense and sinks to a deeper level, being replaced at the surface by 
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water which wells up from below and this daily ‘ change-over ’ in 
the upper stratum must to some extent carry the plankton with it, 
so that an organism that swims downwards to a dee])er level during 
the early part of the day may again bo swept towards the surface 
at night. Such a vertical migration will, however, have but little 
effect on the horizontal movement and thus the distribution of the 
plankton over such a wide area as the Indian Ocean must in tlu^ 
main depend on the strength and direction of the various currents 
at all depths and thus these will to a large extent influence and 
determine the general character of the fauna in any given region. 

As we have seen, there is, owing to the general trend of the 
surface currents and especially during the north-east inonsoon, a 
transference of large masses of water from the Pacific Ocean through 
the Malay Archipelago to the Indian Ocean : on the other side, 
however, but little of the surface water of the Indian Ocea^i ])asses 
westward round the Cape of Good Hope into the Atlantic^ Ocean, 
and that which does so comes into contact and becomes intimately 
mixed with a cold current, the Benguela current, that is derived 
partly from the Sub-polar region and partly by u]) welling from l)elow 
off the south-west coast of Africa. The consec|uent fall of tem|xu*a- 
ture in the ‘lurface water would be extremely harmful to any pelagic 
organisms that might have been swept round from tlie Tropical or 
Sub-tropical regions of the Indian Ocean and few would manage to 
survive it. Thus, while there is a elose connection faimistically 
between the upper levels of the Indian and l^Krifict Oceans — tluj 
two together forming a vast Indo-Pacific region — , the Atlantic^ 
Ocean has developed a fauna that is more or less characteristic of 
that area ; but even so, a number of littoral weed-haunt ing forms, 
such as the Harpacticid CopepoeSa, apja^ar to have been able to 
make their way westward, and following the currents of the Atlantic, 
have reached the east (^oast of North America, for no less than 30% 
of the known Indian Harpacticids have been found on tlu^ shores 
of Wood’s Hole, Massachusetts and around J3errnuda, while, con- 
tinuing along the North Atlantic Drift and the Gulf Stream, sonu^ 
16% have reached the coasts of England and about 12% have? got 
as far as Norway. 

Within recent years the cutting of the Suez Canal has provided 
a short cut for organisms to pass from the Indian region tlirough 
the Red Sea and the canal into the Mediterranean Sea, and alreacly 
a certain number of animals have made their way from east to 
west ; doubtless with the passing of the years more and more will 
be able to do so, so that the fauna of the Mediterranean, and 
especially its eastern basin, may in time to come have a close; affinity 
with that of the Indian Ocean, the extent of the change dej)ending 
on the degree to which Indian forms can supplant those now living 
in the Mediterranean. 

On the eastern side of the Indian Ocean the free |)assagc of 
surface water between the Pacific and Indian Oceans has r(;sulted 
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in the fauna ’of the Malay Archipelago being at the present time 
decidedly Pacific in type ; but in the not fiir distant past there 
seems to have been a very rich production of new species in the 
Malayan region and the movement of tne water masses has caused 
the extension westward of this fauna. A large number of these 
Pacific or Malayan species have been carried or have actively 
migrated westwards ; many have invaded the Andaman Sea and 
appear to have been unable to get any further, but numerous 
others have been able to reach and have established themselves 
in the great coral-bearing regions of the Chagos, Maidive and 
Laccadive ^rchipelagoes, in the Seychelles and around R6union 
and Mauritius, and even ultimately have reached the African coast 
and the Gulf of Aden. Tn some at least of the various groups of 
animals it has been found that the further west we proceed, the 
fewer are the number of Malayan species to be found and, even in 
those instances where a species has been able to survive and establish 
itself, the individuals are often smaller and are ‘ depauperized ’ 
as compared with their congeners in the Malayan region. Tn other 
cases the change from east to west seems Jo have been accompanied 
by a structural change in the organism and in consequence we find 
that a number of species are peculiar to the Indian region but that 
their nearest relatives, and those from which they have in all pro- 
bability been evolved, are to be found in the Malayan Archipelago. 

It has recently been discovered that a very high pereentage of 
species of Marine Alga) are common to the Indian Ocean and the 
North Atlantic Ocean, some even occurring in the Arctic region. 
The presence of North European species in the Arabian Sea is 
attributed to a migration from the north-west when an open con- 
nection between the two regions/ existed through the Tethys Sea ; 
similarly Indo-Pacific species are supjlosed to have migrated through 
this sea from the Tropics to the Mediterranean. Similarly, as 
regards the fauna numerous authors in the past have drawn atten- 
tion to the large percentage of littoral-haunting species and especially 
of species from depths ranging from 350 to 1,900 metres that are 
common to the Indian Ocean and the North Atlantic. Alcock in 
his report on the Deep-Sea Fishes states that ‘ if we estimate the 
number of Indian genera of marine fishes at 350 and of species at 
1,200, then over 5fi per cent, of the genera and close on 5 per cent, 
of the species are also found in the Atlantic-Mediterranean region.^ 
The explaimtion of this degree of similarity is again attributed to 
the former presence of a direct connection between these two 
regions through the Tethys Sea. It must, however, be borne in 
mind that the constant influx of water at some 2,000-3,000 metres 
depth from the Atlantic Ocean past the Cape of Good Hope into the 
Indian Ocean, as well as the steady drift of Antarctic polar water, 
in either the Sub-polar Intermediate current or in the Bottom 
Drift, up to and even beyond the Equator, provide high ways along 
which conditions of temperature, salinity and oxygen -content 
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remain remarkably constant, so that there is little ortno barrier to 
the migration of genera or species that are capable of even a slight 
degree of adaptation to their surroundings. It thus seems probable 
that although in some instances the occurrence of the same species 
in the north Atlantic and the Indian Ocean may be due to the 
persistence in these two regions of a form that originally in early 
Tertiary times was continuously distributed through both areas 
and the intervening Tethys Sea, in other instances their distribution 
may be due to either active migration or to passive drifting from 
one ocean to the other along the deep high ways of the o('eari (airrents 
and the discontinuity of their habitat may be apparent rather than 
real : but this problem must await a final solution till wo know a 
great deal more about the fauna and flora around tlu^ Capo of Good 
Hope and the cast coast of Africa on the one hand and the coasts 
of Antarctica on the other. , 
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Introduction. 


The most outstanding fact about the physical geography and 


The three phy- 
sical divisions of 
India 


geology of India, which in fact is the resultant 
eifect of its late geological history, is the divi- 
sion of the country into three distinct segments 
of totally dissimilar characters : (1) The gnjat, 


flat alluvial plains of Northern India extending from Sind to Assam 
—the India of legend and history ; (2) the Peninsula of the Deccan, 
south of the Vindhyan mountains, *a solid and stable block of the 
earth’s crust, largely composed of some of the most ancient rocks 


of the earth, which the denudation of ages has carved out into a 
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number of mountain-ranges, plateaus, valleys and plains ; and 
(3) the great mountain barrier which surrounds the plains to the 
west, north and east, known as the extra-Peninsula. The following 
differences summarize the main points^ of divergence between the 
last two regions. The first difference is stratigraphic, or that 
connected with the geological history of the areas. Ever since the 
Cambrian period, the dawn of geological history, the Peninsula 
has been a land area, a continental segment of the earth’s circum-t. 
ference, which, since that epoch, has never been submerged beneath 
the sea except locally and temporarily. No appreciable marine 
deposits of a later age than Cambrian have been laid down in the 
interior of this land-mass. The extra-Peninsula, on the other hand^ 
has been a region which has been underneath the sea for the greater 
part of its history, and has therefore been covered by successive 
marine, deposits characteristic of all the geological periods com- 
mencing with the earliest, the Cambrian. 

The second difference pertains to the geological structure 
of the two regions. The Peninsula of India 
The stable Pen- reveals quite a different type of architecture 
£o1ded^"xtra- earth’s crust from that shown by the 

Peninsula extra-Peninsula. Peninsular India w a segment 

of the earth’s outer shell that is composed, in 
great part, of generally horizontally reposing rock-beds that stand 
firm and immovable upon a stable and resistant foundation and that 
have remained so for a long cycle of ages, impassive and unfolded 
amid all the revolutions that have again and again altered 
the face of the earth. The only structural disturbance it has 
undergone is of the nature of lines of faults or fractures in the 
crust, due to tension or compresuon. The extra-Peninsula, on the 
contrary, appears to have been a weak and comparatively flexible 
portion of the earth’s circumference that has undergone a great 
deal of crumpling and folding of the rock-beds indicating repeated 
upheaval and subsidence under the sea. The third difference 
between the Deccan and the highlands of Northern India is physio- 
graphical and arises from the two above-mentioned differences. 
In the Peninsula the mountains are mostly of the ‘ relict ’ type, i.e., 
they are not true mountains of upheaval, but are mere outstanding 
portions of the old plateau of the Peninsula that have escaped, for 
one reason or other, the weathering of ages that has removed the 
surrounding parts of the land. Its rivers have flat, shallow valleys, 
with low gradients, because of their channels having approached to 
the base-level of erosion. Contrasted with these the mountains 
of the other area are all true mountains, owing their origin to a 
distinct axial uplift of the rock-beds. The rivers of this area, as 
a consequence, are rapid, torrential streams, which are still in 
a youthful or immature staCge of river-development and are 
continuously at work in cutting down the inequalities in their 
courses and degrading or lowering their channels. 
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The third division of India, the plains of tho Indus and Ganges, 
though humanly speaking of the highest interest 
^ importance, as being the principal theatre 

depression ® ^ of India’s history, and a source of the great 
agricultural wealth of the counter, is geologi(*ally 
speaking the least interesting part of India. In geological history 
it supplies only the annals of the last year, being composed of 
very late, sub-Recent alluvial and flood-plain deposits of tho rivers of 
the Indus-Ganges system, borne down from tho Himalayas and 
deposited at their foot. The plains have covered up undernoatli their 
deep ihantle of clays^ sand and silt valuable geological ret ords which 
might have thrown light on the physical history and relations of 
the Deccan with the Himalayas. These plains wore originally a 
deep depression, or furrow, which came into existence as a com- 
plement of the process of elevation of the Himalayan chain to their 
north. The filling up of this depression is the work of the latter 
]Dart of the last geological age — ^the Pleistocene. The annexed 
table gives the main outlines of the succession of rock-systems in 
the different parts of India, arranged in tho order of their age and 
referred to^ the standard divisions of the geological time-scale 
accepted for the world. 

In the following pages wo shall pass in brief review the rock- 
formations representative of the various geologi(‘al periods that are 
found in India ; in doing so wo shall take into ac(?ount tlieir <?hief 
rock-components, their fossil contents, tho geographical revplutions 
that took place during each age, the effect on tho topography and 
scenery produced by the various systems of rocks and the important 
economic minerals associated witlj them. 

•> 

Archaean System. 

Tho Archaean is the name given to the oldest rock-system of the 
world, forming the very basement on which all the succeeding 
systems of the geological column rest. This system is believed 
by some to represent the first solidified crust of tho earth, as it 
cooled from its original molten condition. Tho rocks are largely a 
mixture of gneisses, granites and schists, all thoroughly crystalline 
and permeated by injection of magma from the deeper, plutonic. 
parts of the crust (orthogneisses and orthoschists). With these 
crystalline plutonic rocks are associated clastic sediments, which 
have undergone an extreme degree of metamorphism, due to heat 
and pressure of the earth’s interior, and been converted into foliated 
crystalline rocks (paragneisses and paraschists). Owing to the 
conditions under which these rocks were formed and their subjection 
to mechanical deformations that have taken place in the surface 
layers of the earth, through the whole vista of geological time, the 
Archaean rocks have attained an extreme complexity of characters 
and relations in all parts of the world, which have not yet been 
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completely unravelled. The Archaean rocks cover three-quarters of 
a million square miles of the surface of Peninsular India, particularly 
Madras, Mysore, Orissa, the Central Paovinces, Chota Nagpur and 
Rajputana. They extend north-westwards along the chain of the 
Aravalli mountfyns, one of the oldest mountain-ranges of the world, 
while they build, together with the intrusive granites of later ages, 
the central, snow- covered ranges of the Himalayas throughout its 
whole length, forming the very backbone of the mountains. All the 
high peaks of the Himalaya, from Nanga Parbat in Kashmir to 
Mt. Everest in Sikkim, are, however, largely composed of granite, 
which has f)ierced through this basement complex and is of much 
later age. 

The great body of crystalline igneous rocks forming the 
Archaean gncissic complex of the Peninsula, 
tal either coarsely crystalline or finely foliated, is 

broadly classified into several regional units, 
such as Bengal gneiss, Bundclkhand gneiss, Peninsular gneiss, 
Charnockitcs, etc., as shown in the table given above, though no 
chronological order is implied in this grouping. The prevailing 
rocks a.re gneissosc granites, chamockites (hypersthene- bearing 
eruptive rocks from granite to norite in composition), syenites, 
elajolite-syenites, anorthosites, granulites, calciphyres, calc-gneisses, 
marbles and hybridised manganese-bearing rocks (kodurite). 

The sc^enery of the picturesque Nilgiri ranges, and of the low, 
stragglqig ranges of the Madras coast, the Shevaroys, Anaimalai, 
Palni hills, etc., is determined by the uneven weathering of the 
An^hsean rocks. The Aravallis owe their deeply worn aspect to 
the denudation of ages removing the body of the mountains save 
the outstanding ridges, ^ 


Dharwar System. 

The system of rocks named Dharwarian is closely associated 
with the Archaean gneisses and are probably of 
The Archaean same age. They are however chiefly of 

rocks sedimentary origin, deposited in the hollows and 

depressions of the primeval crust, in which the 
first-formed seas of the world have collected their waters, on the 
(;ondensation of the vapours that were held till then in the primitive 
atmosphere. The component rocks are mainly slates, hornblende- 
and chlorite-schists, (juartzites, crystalline limestones and calc- 
granulites, (?harged with abundant and wide-spread granite 
intrusions. The Dharwarian system is best developed in Dharwar, 
the type area, parts of Mysore State, Rajputana, where it forms the 
outskirts of the Aravalli chaiiif in parts of the Central Provinces 
and Chota Nagpur, and in the belt of metamorphic sediments in the 
middle Himalayas. The Dharwar rocks of these different provinces 
illustrate varying characters. In the Dharwar district of Bombay, 
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Bihar and 
Orissa 


from which the system takes its name, and in the Mysore State 
they occur in long narrow bands, the bottoms of compressed 
synclinals, the intervening anticlinal folds having been worn away. 
The constituent rocks are hornblende and other schists, slates, 
quartzites and brilliantly banded cherts. Numerous quartz - 
veins or reefs traverse these rocks, some of which are auriferous 
mth a gold-content enough to support mining operations. The 
principal gold-mining centre in India, the Kolar fields of Mysore, 
is situated on these quartz-reefs. 

The Aravalli system of Rajputana, consisting of varyingly 

Raiouta a metamorphosed limestones, phyllite«, slates, 
^ quartzites and composite gneisses is one vast 

formation flanking the synclinorium stretching from Delhi to N. 
Gujarat, whose uplift at the end of the Purana Era has given 
rise to the most ancient mountain-chain of India. OverlyiAg the 
Aravallis unconformably there comes another Archaean rock- 
formation, the Raialo series, chiefly marbles. The Archjcans of 
Bihar and Orissa constitute what is known as the Iron-ore 
series, from its containkig iron-ore bodies of large dimensions. 
These rocks^^are shales, slates and tuffs and banded hfomatite- 
quartzitos containing massive or powdery hfcma- 
tite. The petrogenesis of the latter rocik is a 
subject of some controversy. Considerable 
igneous action prevails, which has given rise to tl)e chromite, 
asbestos and steatite of Singhbhum. A copper-bearing bel^t runs 
along a plane of overthrust in the schists and intrusive granite 
of Singhbhum. The Iron-ore series is underlaid by a group of 
crystalline limestones, schists a^nd manganese ore-beds — the 
Gangpur series. 

The Archajan-Dharwar complex of the Central Provinces is also 
characterized by a metalliferous facies of 

Pro\?nces deposits rich in ores of manganese. The 
country-rocks of the districts of Nagpur, 
Chhindwara and Bhandara are distinguished as the Sausar series, 
consisting of granulites, calciphyres, sillimanite-schists, and horn- 
blende-schists carrying important aggregates of manganese-ores. 
The Sakoli series of the southern districts, consisting of less altered 
slates, chlorite-schists and jaspilites, is probably an upward extension 
of the Sausars. The famous marble-rocks of Jubbulpore as well 
as the richly manganiferous deposits of rocks, named by Sir 
L. L. Fermor, the Gondite series and the Kodurite series, also 
belong to this system. 

The Dharwar System is of great economic value to India : it 
carries the principal ore-deposits of the country. 
Economic im- chief among which are the ores of gold, manga- 
war sySem nese, iron, copper, tungsten and lead, the Kolar 

gold-reefs producing 350,000 ozs. of gold per 
annum. The 3,000 million tons of high-grade iron-ore reserves of 
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Orissa, the manganese deposits which have supplied over 17 million 
tons of manganese-oxide to the world in the last 35 years, the copper 
and chromium lodes of Singhbhum, aje all related to this system. 
To the same system belong economically useful minerals such as 
mica, corundum, graphite, and precious and semi-precious stones, 
e.g,, sapphire, ^uby, beryl, zircon, spinel. The system is also rich 
in resources of ornamental marbles ; the famous Makrana marbles, 
used in the masterpieces of Moghul architecture, e.gr., those at 
Delhi and Agra, are a product of the Raialo series. 

^ The Eparch^an Interval. 

The rock-formations grouped under the name Purana 
group roughly correspond in ago with the Algonkian System of 
American geologists and succeed the Archaean after a profound 
regional unconformity. This unconformity is of great significance 
as it denotes the lapse of a vast interval of time, represented by 
many cycles of mountain-building and their erosion to the base- 
level before the lowest beds of the Puranas were deposited. The 
Purana rocks are a great thickness of pl‘o-Cambrian unfossiliferous 
slates, quartzites, sandstones and limestones, found principally in 
the Aravalli chain, the Cuddapah area of Madras, and in the great 
escarpment of the Vindhya mountains in Central India. The 
classification of the group is given in the table facing page 45. The 
Cuddapahs and the Dolhis are older and show a greater amount of 
tectonic plication and deformation than the VindJiyans, which are 
hardly disturbed from their original horizontal attitudes. 

The Cuduapah System. 

The type-area of the Guddap&hs is the district of this name 
in the Madras Presidency, where the system consists of 20,000 feet 
of indurated shales, slates, quartzites and limestones, with bedded 
lava-flows and tuffs. As in the Dharwars, there occur also brilli- 
antly banded femiginous jaspers and some manganese-ore. The 
whole group, though admirably adapted to contain and preserve 
organic relics, is totally barren of fossils. Workable deposits of 
barytes and asbestos occur in association with the Papaghni slates 
and limestones, the lowest member of the Cuddapahs, of the Ceded 
Districts of Madras. 

The Delhi System, 

A much higher degree of regional metamorphism and tectonic 
disturbance is visible in the Delhi system, typically exposed in the 
Aravalli mountains of Rajputana. It overlies the Raialos un- 
conformably and builds the central axial zone of the Aravalli syn- 
clinorium, the part of the fold which experienced the most severe 
compression and depression. The Delhi System occupies a wide 
extent of Rajputana, extending in constricted, sorely eroded bands 
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from Delhi to Tclar. The constituent rocks, aggregating 17,000 feet 
in thickness, are slates, phyllites, schists, quartzites, hornstono- 
breccias, arkoses and crystalline limestones. There is a consider- 
able amount of igneous intrusions in the form of granite bosses and 
a varied suite of basic rocks. The Gwalior scries, like the Bijawar 
series, which was formerly grouped with the Cuddapahs, is now 
regarded as homotaxial with the Aravalli, their comparatively 
lower grade of metamorphism being duo to their distance from 
the axes of orogenic folding in which the Del his an? involved. 


The Vindhyan System. 


The next succeeding system, the Vindhyan, is in most of its 
area of extension an undisturbed formation, with generally 
horizontal stratification-planes, resting over the uf)turned and 
denuded edges of the underlying rocks. The Vindhyan s(Hlimeiits 
14,000 feet in thickness, show two distinct facies of deposits — a lowei’ 
argillaceous and calcareous (the Semri series of the Son N'alley 
area) and an upper, almost exclusively arenaceous, divided into 
three series, the Kaimiir;* Rewa and J^hander scries, of Central 
India. The, lower Vindhyans show a certain amount of struc- 
tural displacement and folding and are separated from the upf)er 
by an unconformity that is qiiite apparent in the north but which 
disappears in the southern areas of Me war and the Son Valley. 
Homotaxial in ])osition with the lower Vindhyans is tlu^ Malani 
series of volcanic rocks covering largo areas of W. Kaj;iutana. 
This series consists of partly glassy and devitrified, felsitic? or 
amygdaloidal, rhyolites and quartz-andesites, interstratified with 
tuffs and volcanic breccias. The Malani series extends far north- 
wards and is observed in somo isolated hillocks near Sargodha in 


the Punjab alluvium. The charac^teristic; Malani 
series^** rhyolite is distinguished in tin? boulders oeemrring 
in the Upper Carboniferous glacial moraines 
at the base of the Productus Limestone of the Salt Range, a fa(4/ 
which indicates that the iVravalli mountains were the fe(?ding 
ground of the gla(!iers that radiated out to distant parts of India 
during the Upper Palaeozoic Ice Age. Comiected witli the Malani 
lava-fiows, as their plutonic roots or magma-reservoirs, an? the 
bosses of granite of Jalor and Siwana. 

Contemporaneous formations with the Vindhyans are the 
Oth r c n Kurnool series of Cuddapah, the Bhima series 
tempora^/seiies Southern Maratha country, the Pakhal series 
of the Godavari Valley and the Penganga beds 
of the Mahanadi Valley. 


Life in the Pcrana Era. 

The Cuddapah and Delhi rocks are devoid of all traces of animal 
or plant life, while the Vindhyan rocks, though so far they have not 
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yielded any specifically identifiable fossil remains, possess many 
indirect evidences of the presence of life at the period in fucoid 
markings, annelid casts and burrows, ^coaly layers, etc. Priniitiye 
life had already appeared on earth, and certain disc-like organisms, 
occurring in a black shale near Eampura, have been variously referred 
by different pafseontologists to algse or to valves of primitive brachio- 
pods. In the very next succeeding Cambrian system we come 
across comparatively highly organized and diversified forms of 
invertebrates such as Crustacea and molluscs, which give clear proof 
of a long course of antecedent evolution. 

The Yindhyan system is of economic importance because of its 
unlimited resources in building stones of great beauty and durability. 
The famous ‘ Golconda ’ . diamonds, for which India was once a 
much-sought market, were derived from some conglomeratic 
beds in the Upper Vindhyans, the original source of the diamond 
being probably certain basic dykes in the Cuddapahs or Bijawars. 

The isolated mountain masses designated the Eastern Ghats, 
are composed of Archaean and Cuddapah rocks, while the series of 
steep escarpments which are such a ^feature of Central Indian 
scenery, are built of horizontally bedded sandstones and shales of 
the Vindhyan system. The Aravalli mountains received their 
last major uplift at the end of the Vindhyan period, for the Vindhyan 
strata flanking the Aravallis to the east are involved in the orogenic 
flexures. The plane of contact of the Vindhyans against the older 
rocks pf the range is a ‘ boundary fault traced for some hundred 
miles. All through the Palaeozoic and Mesozoic this mountain 
range, stretching from Gujarat to as far as the Himalayas, was the 
‘most important feature in India’s geography. At the present day, 
after the wear and tear of long ages, it is reduced to mere stumps 
of this once dominating chain. 

The PALJ50Z0IC Era in India. 

The Dravidian Era is unrepresented in the Peninsula in 
its entirety. In the Himalayas the whole group is found deve- 
loped in a more or less continuous Palaeozoic sequence of marine 
strata, wliich by reason of their fossil remains can be correlated with 
the European sequence with sufficient accuracy to warrant their 
designation by such names as Cambrian, Silurian, Lower Carboni- 
ferous, etc. Succeeding the Vindhyan Era in the Peninsula there 
is a great break in the geological sequence, in other words a number 
of geological ages pass away without leaving any record of rocks, 
signifying that no sedimentation took place during the interval 
but that the surface of the land was exposed to the action of the 
subaerial agents. This last interval, encompassing the whole of the 
Dravidian era, from the Cambrian to Upper Carboniferous, denotes 
another great regional unconformity in the geology of India. 
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In the extra-Peninsular mountains of Kashmir and Spiti in 
the Central Himalayas, there occurs a complete and conformable 
sequence of marine strata characteristic of the Cambrian, 
Ordovician, Devonian, Lower and Middle Carboniferous. A 
succession of marine faunas of brachiopods, trilo^ites, corals and 
cystoids enables a more or less precise classification and correlation 
of this series to be made with the Palaeozoic divisions of the rest of 
the world. The best studied areas of Himalayan Palaeozoics are 
Spiti and Kashmir ; the following table gives the succession in the 
two areas : — 


Upper 

Carboniferous 


Middle 

Carboniferous 

I 

Lower 

Carboniferous 


Devonian 


Silurian 

Ordovician 


Cambrian 


Spiti Valley 


C Productus series, 
t Basal conglomerates. 

^Po series — black shales with 
j FeneateUai^breuchiopoda and 
1 some fossil plants. — 2,000 
( ft. 

f Lipak series — limestones and 
< quartzites with brachiopod 
fauna. — 2,000 ft. 

Muth quartzites — ^well-bed- 
ded white quartzites, un- 
fossiliferous. — 3,000 ft. 

Coral limestones, dolomites, 
fiaggy quartzites wi Jh oys- 
toids and trilobites. Up. 
and Lr. Silurian. — 2,000 ft. 

( Haimanta system — ^red and 
black slates, quartzites and 
dolomites. Olenua, Micro- 
diacua, Lingulella, — 2,000 
ft. 


Kashmir 


Volcanioagglomerates, slates, 
containing Qangarmpteria, 
fossil fish. 

Feneatella series — quartzites, 
shales and conglomerates. 
Brachiopods, corals, poly- 
zoa. — 3,000 ft. 

Syringothyria limestone — 
fiaggy limestone, shales 
and quartzites with locally 
rich fauna. — 3,000 ft. 

Muth quartzites — snow- 
white series of tufossili- 
forous quartzites. — 2,000 
ft. 

Silurian of Lidar valley. 
Orthia, Calymene, Phacopa, 
lUcenua, etc. — 100 ft. 

Massive clays, sandy slates 
with limestone lenses. 
Agnoatua, Conocoryphe, 
Anomocare of Upper and 
Mid. Cambrian affinities ; 
Obolua, Acrothele, Lmgu- 
feWa.— 7,000 ft. 


In the Salt Range mountains of the Punjab the Cambrian 
system is developed in the eastern scarps of the range, exhibiting 
the following section : — 

Salt-pseudomorph shales — 450 ft. 

Magnesian sandstones, sandy dolomites, with Stenotheca — 
250 ft. 

Neobolus shales — black, sandy shales with brachiopods, 
Redlichia, OlenelliLS, etc. — 100 ft. 

Purple sandstone — 450 ft. 
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Sucot^eding the Cambrian there occurs a big gap in the Palaeozoic 
se(|uence of the Salt Range, the next overlying 
The Palaeozoic niember being the r basal l)eds of the Upper 
India" ^ Carboniferous. This mid-Palaeozoic unconfor- 

^ mity is of wide prevalence in N.-W. Punjab, 
Hazara and W. Kashmir, in all of which the marine Silurian, 


Devonian, Lower and Middle Carboniferous are either absent 
altogether, or represented by isolated basins of unfossiliferous 
sf^diments of probably continental origin. Thus the enormous 
Dravidian land period of peninsular India also prevailed in some 
parts of Ntrthern India. Since the creation of the Aravalli chain 
and certain minor systems of flexure in the Satpiiras and on the 
East Coast, all mountaind)uiIding movements died down in the 
Peninsula and it has since nimained a high and dry land- mass 
sul)jecf to some vertical movements of the crust, of the nature of 
<lislocations, but not to any lateral or tangcmtial movements of the 
fold- producing kind. 

The comnienccunent of the Upper Carboniferous is a most 
important land-mark*' in the geological history 
Geog raphical ushered in an ora of powerful earth 

of Dravidian Era movements and ot protoimd geographical 
changes. In both the areas these changes 
wert^ initiated by an Ice Age, which has left its characteristic 
marks at a number of centnjs over India in glacial boulder-beds and 
congloijierates. The extra- Peninsula witnessed a marine invasion 
and deepening of the sea-floor, on the present site of the Himalayas, 
from Hazara to Assam — the transgress of the great Mediterranean 
Sea from the west, the Tethys^of geologists. There began to be 
deposited on the floor of this sea th^^ vast pile of marine sediments 
which ('ommenccd with the Upper Carboniferous and ended with 
the Eocene, i.e., the whole duration of the Aryan Era. 

In the Peninsula, the end of the Dravidian and the beginning 
of the Aryan Era brought in different kind of earth movements 
and a new chain of events. Here the earth- stresses manifested 
themselves in producing tensional cracks and fissures and in the 
subsidence of large linear tracts, giving rise to chains of basin- 
shaped depressions in the old gneissic terrain. The drainage of the 
land discharging its load of sediments into these depressions, 
ultimately filled them up with a system of land and river deposits, 
burying in them countless remains of land-inhabiting plants and 


animals. 


The Gondwana System of the Peninsula. 

Thus, henceforth we have to consider a dual facies of deposits 
in India during the succeedii^g Palaeo- and Mesozoic systems — a 
marine facies in the extra-Peninsula and a fresh-water and terres- 
trial facies in the Peninsula. This latter system of land deposits is 
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known in Indican geology as the Gondwana System from the 
typical basins of these rocks occurring in the Gond country to the 
south of the Narbada. It is of wide distribution in the Damodar, 
Mahanadi, and Godavari valleys, in the Satpiiras, and in smaller 
patches in a number of far distant outliers in ^he Salt Range, 
kashmir, Sikkim and Abor Hills. The accumulated drift of the 
dense forest vegetation which pcojded Central India in those days 
has given rise to thick seams of coal 20 to 80 feet thick in the 
lower part of the Gondwanas, which thus con- 
o h^e^L o*w^r most productive geological 

Gondwana horizons in India, supplying 211 millioii tons of 

coal per year. Some iron-ore also is associated 
with the coal seams. • The Gondwana System is dividinl into two 
])arts, Lower and Upper ; a thick zone of intervening strata, exhibit- 
ing intermediate characters, is sometimes separated as the"]Vliddlo 
Gondwana division. The Lower Gondwanas range in age from the 
Permo-Carboniferous to the Trias. At its base is a glacia l boulder - 
bed of wide-spread occurrence from Orissa to the Salt Range and 
Hazara, containing ice-s«ratched pebbles, testifying to the pre- 
valence of glacial ice covering the land surface of India as far south 
as Lat. 20°. This is overlain by a thick serums of (?oal-mcasiires — 
the Damuda series. This series, at places 10,000 feet thick, 
and carrying the most important coal deposits of India, is divided 
into : — 

Raniganj stage. • 

Ironstone Shale, or Barren Measures stage. 

Barakar stage. 


These stages are well recognized in the Damodar valley, but are 
not easily identified in the other Gondwana 
Changes in areas, where they are designated by a number 
phy^al^coiTd'i- of local terms. The Damuda series is overlain 
tions by tbe Panchet series of greenish sandstoiu^s 

and red shales with some coal-seams, containing 
fragmentary remains of labyrinthodonts and reptiles. A i>rol i fic flora 
(the Glossopteris flora) in which the preponderant element was the 
seed fern, Gangamopteris, Olossopteris, etc. together with soim^ 
Cordaitales, (?haracterizes the Damuda series. The Middh? and 
Upper Gondwanas evince a change of i)liysical conditions from 
the arctic cold of a glacial epoch to a semi-desert type of climate? 
and the disappearance of the luxuriant forest vegetation of tlu? 
earlier epoch. The prevalence of thick red, iron-stained sand- 
stones and shales point to a drier and warmer climate. From 
the evidence of the contained fossils^ of reptiles and of plants, with 
a preponderance of the coniferous and cycadacjcous orders of the 
g^nosperms, the geological range of the Upper Gondwanas is 
determined to be from Upper Trias to Lower Cretaceous. The 
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ferns, horse-tails and seod-ferns of the lower division are replaced 
by conifers and cycads, and in one or two cases by a still higher 
order of plants, in the Upper Gondw»nas, while the fishes and 
labyrinthodonts are succeeded by reptiles. 

The Upper ,Gondwanas of the Satpura area, well exposed in 
the gigantic scarps of the range, are distinguished 
Distribut^n of Mahadeva or Pachmarhi series, mostly 

" composed of sandstones, 10,000 feet in thick- 
ness. In the Godavari valley a similarly 
constituted group is named the Kota-Maleri series, containing the 
fish CeratoSus and the reptiles Parasuchus and Hyiierodap(^don, In 
the Rajmahal hills a quite different rock-facies prevails — 2,000 
feet of basaltic lava-sheets* interbedded with shaly sediments con- 
taining^a well-preserved flora, some members of which have reached 
the stage of evolution of angiosperms and hence mark an upper- 
most Jurassic or Lower Cretaceous horizon. A similar age is 
ascribed to the Upper Gondwanas of Cutch, the Umia beds, which 
contain along with a Gondwana flora, ^intercalated marine beds 
with amMonite.s of Neocomian horizon. Upper Gondwanas out- 
crop at a few places on the East Coast containing fos'sil plants of 
Rajmahal affinities ; they also are associated with marine inter- 
calations entombing Trigonia and ammonites of Lower Cretaceous 
age. 

Thp Gondwana system of river deposits, occurring in scattered 
basins, which continued to sink pari passu with deposition for such a 
long section of geological time, is of unique significance and illus- 
trates the peculiar physical strupture of the Indian sub-continent. 
During this period in the Tethys Sea, bordering Gondwanaland 
to the north, there were being deposited marine sediments bearing 
characteristic fossils pertaining to the ages Permo-Carl)oniferous, 
Permian, Trias, Jurassic and Cretaceous. 

A more or less similar group of river-borne land deposits, 
(jontaining coal-measures and commencing with 
pc^ftsln AfHca ^ gl^^'Cial conglomerate at the base, is found in 
and Australia Australia, Madagascar and South Africa, con- 
taining a fossil flora which possesses many 
affinities with the Indian Gondwana flora. Some marine inclusions 
near the bas(5 of the series, occurring in the Salt Range, Kashmir 
and in New South Wales (Australia), contain closely related species 
of Eurydesma. From this fact, as well as from important dis- 
coveries of nearly allied species of fossil reptiles in the Jurassic 
and Cretaceous of India, Africa and Patagonia, it is argued that land 
connections existed between these distant regions, across what is 
now the Indian Ocean, either through one continuous southern 
continent, or through a scries of land-bridges and isthmuses, which 
extended from South America to India and united within its borders 
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the Malay Archipelago and Australia. To this old-world soutliern 
continent the name of Gondwanaland is given. 

Continent persisted as a prominent feature 
nent ” ' of the Southern Hemisphere from the end of the 

Palaeozoic, through the whole length of the 
Mesozoic, to the beginning of the Cainozoic, when it* disappeared as 
tin entity by fragmentation and drifting away of its constituent 
])locks, or by their foundering. The north frontier of this Indo- 
African continent was the shore of the Himalayan sea, the Tethys, 
which stretched from the south-west extremity of China to the 
})resent Mediterranean. • 


The marine period of the Extra-Peninsula. 

A totally different sequence of geological events was taking 
place in the extra-Peninsula during the Gondwaha Era, resulting 



Text-fio. 1, — A typical transverse section across the Salt Range showing sequence of 
strata from Upper Carboniferous to Tertiary (Scale : 3 inches^l mile). 


in the formation of a quite different set of rooks which have pre- 
served in them a wealth of the marine animal population that was 
contemporary with the various stages of the Gondwanas. The 
Permo-Carboniferous and Permian chapter in this history is repre- 
sented in the Salt Kange by one of the most perfect marine develop- 
ments seen an 3 ^hore in the world. Every stage in the sequence, 
from the Uralian to the uppermost Permian, grading imperceptibly 
into the Trias, is present, bearing its characteristic suite of fossils. 
The Salt Range succession begins with a boulder- bed or till, com- 
posed of striated and facetted boulders of crystalline rocks from the 
south, embedded in a silty matrix. This is overlaid by olive shales 
and sandstones (Conularia beds) containing Eurydesma and other 
fossils allied to those of the glacial beds underlying the coal-measures 
of New South Wales. An overlying group of mottled sandstones 
and clays has preserved impressions of Oan^amopteris and 
Ghssopteris, genera so wide spread in the Lower Gondwana areas 
of the south-east. The next formation is about 700 feet of deeper 
water marine limestones still containing occasional intercalations 
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Permo-Carbon- 
iferous, Permian 
and Mesozoic of 
the Salt Range . 


of plant-bearing beds, differentiated into three well-marked divisions, 
Lower, Middle and Upper Productus Lime- 
stone, each again sDib-divided into stages and 
zones dominated by some species of Productus or, 
in the upper stages, by some precocious genera 
of ammonites. Among the brachiopods charac- 
teristic of the Lower Productus are P. spiralis, P. semireticulatus, 
P. cora, associated with the aberrant genus Richthofenia and the 
foraminifer Parafusulina. The commonest Middle Productus 
forms are P. lineattLS, P. indicus with OMhamina and Lyttonia ; 
Xenodiscu^ocGWT^ with this division, together with Gohoceras and 
Foordiceras. The Upper Productus Limestone marks still more 
the ap])roach of Trias by the presence of many genera of true 
ammonites, e.g., Cyclolobus, Medlicottia, Popanoceras, Tcenioceras 
and Afeestes. 

The occurrence of Lower Gondwana plants in close association 
with marine fossils at the base and middle of the Productus lime- 
stone is an event of much importance and serves to fix the lower 
limit of the Gondwana System as well ar the age of the Palaeozoic 
glaciation of India within narrow limits. An exactly similar associa- 
tion of Damuda plant-beds in several localities in Kashmir with 
volcanic slates and tuffs of the Panjal Volcanic scries, fortunately 
dated by the occurrence in them of crowds of specnes of Productus 
and Spirifer at two or three distinct levels, and their superposition 
by the ^marine Zewan series, correlated by Cowper Reed with the 
Middle Productus horizon of the Salt Range, further supplements 
this evidence. 


In the broad, slowly sinking ocean floor of the Tet}ly^i, during 
this interval, a great thickness of shales and 
The long marine limestone, crowded with lamellibranchs, crinoids 
h\ ma^a du^ ammonites was being laid clown. The rate 

ringtheAryan deposition keeping pace with the submergence 
Era of the ocean-bottom, there has resulted a pile of 

thousands of feet of shallow- water as well as 
deep water strata representative of the Permian, Trias, Jurassic, 
Cretaceous and Eocene periods. The following table summarizes 
in bare outline the main chapters in the marine Himalayan record 
as it is laid bare in the great escarpments of the Tibetan plateau : — 


Eocene 


Cretaceous 


Jurassic 


Nummulitic limestones and shales 
of Ladak and S.E. Tibet, with con- 
temporaneous basic volcanics . . 2,000 feet. 

Ghikkim series of white limestones 
and shales ; Giumal series : 

Flysch of Central Himalaya ; Vol- 
canic series of IBurzil and Dras ; 

Massive adid and basic plutonics . . 6,000 feet. 

Kioto limestone and dolomites over- 
lain by the Spiti shales from 
Hazara to east of Nepal . . 4,000 feet. 
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Trifiissie 


Pennian 


Upper Carboniferous 


Lower, Middle and Upper Trias com- 
mencing with the Otoceras zone ; 
limes|^oncs, dolomites and shales of 
Kashmir, Spiti, Garhwal and 
Kumaon . . . . 5,000 feet. 

Productus Limestone, Kuling lyid 
Zewan series ; Sirbau limestone, 

Krol limestone of the Outer 
Himalayas . . . . ;3,000 feet. 

Panjal Volcanic series of Kashmir 
with marine and Gondwana inter- 
calations ; Infra-Krol series. (JlaiMal 
conglomerates of Simla (Blaini ♦ 
series) and of Hazara (Tanakki 
• beds) . . . . . 8,000 feet. 


The above section of strata, particularly from tlio Trias upwards 
to the top of the Cretaceous, together with the underlying equally 
interesting Palaeozoic section from the Cambrian to Middle Carl)on- 
iferous, is exposed in the series of magnificent escarpments to the 
north of the central Him^viayan axis, in 8piti, Garhwal and Kumaon 
* and further east in 8ikkim, where the Tibetan 
The later^ zon- plateau ends in gigantic cliff faces. This is 
layas ^ ^ known as the Tibetan Zone of the Himalayas 

in distinction to the (‘ontral or Himalayan Zone 
of unfossiliforous slaty and crystalline rocks building tho middle 
ranges of the mountains, and the outer or Sub -Himalayan Zone 
composed mainly of middle and upper Ttjrtiary. Tho long and 
uninterrupted Himalayan marine period, from the Uralian to the 
middle Eocene, preserving successive dynasties of fossil fiiunas, 
showing kinship with the Alpint) and other European Mesozoic areas, 
is a notable event in earth -history and marks out tiio Tihetau sections 
as some of the most perfect and legible expositions of the stratified 
crust of the earth. There are no unconformities or lost intervals in 
the sequence ; tho Aryan era of the Himalayas thus runs astride the 
limits of the Mesozoic Era of the standard g(^ological scale. Their 
inaccessibility behind the lofty central ranges is, however, a groat 
drawback, a difficulty only removed in part by tho more accessible 
sections exposed in the Kashmir mountains. Tho Kashmir sections, 
however, are partial and not so continuous ; they are also often 
concealed under glacial and other debris. 

Portions of the sea-floor subsidiug in the form of immense 
xii 1 troughs, concurrently with deposition of groat 

geosy^^ine^*' thickness of sediments, as in the above example*, 
are called geosynclines. The immense accumu- 
lation of strata in geosynclines ultimately disturbs tho gravitative 
equilibrium of the crust and during the next succeeding periods of 
earth-deformation these loaded and consequently weakened bolts 
come to be wrinkled up to form the mountain-chains of the world. 
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They are thus singled out as the weaker and more flexible portions of 
the earth’s circumference, in contrast with the stable and rigid 
blocks such as the Peninsulas of Africa f^d India (horsts). 

In contrast with the unique Mesozoic development of the 
geosynclinal facies of the Himalayas, the records of the Salt Range 
Mesozoic are pafchy and consist of coastal shallow-water deposits. 
Only the lower Trias (Ceratite beds) is represented, overlain by 
middle and upper Jurassic beds exhibiting a rapidly varying litho- 
logy, enclosing some coal-seams. The Cretaceous (Neocomian) is 
of inconspicuous thickness and extent, being restricted to the 
trans-Induf^ extension of tlie Range. 





'Inversion ' Jurassic Cretaceous JVummulltIo Tertiaty 

Sandstone 


Text-fig. 2. — Sqption showing inverted folding and faulting, Chichali, Shekh Budin hills. 

Marine transgressions in the Peninsula, 

To revert to the Peninsula’s history of the Aryan Era, 
interrupted sincx) the close of the Gondwana period. There occurred 
during the Jurassic and Cretaceous several minor inroads of the 
sea on the coastal fringes of the Indo-African continent, which was 
probably not yet dismembered. In one of these in the Upper 
Jurassic in Cutch there was laid down 0,000 feet of fossiliferous 
limestones, marls, and sandstones preserving a highly diversified 
but more or less provincial cephalopod fiiuiia, which has enabled 
a fourfold division of the rocks into Patcham, Chari, Katrol and 
Umia series, ranging in age from Bathonian to the Neocomian. 
This marine invasion penetrated as far north-east as Jaisalmer in 
Rajputana. 114 genera and 600 species of ammonites have been 
identified, of which a great many are purely local types unknown 
elsewhere. Of the rest, the Cutch Jurassic fossils present no affinities 
with the Mediterranean or north-west European province, but they 
show kinship to tlie Jurassic faunas of Madagascjar. In another of 
these transgressions of the sea, the Trichinopoly coast was submerged 
and covered with some 3,000 feet of richly fossiliferous grits, 
sandstones and clays, in which are preserved more than 1,000 
species of marine molluscs, the majority of them being ammonites, 
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rlisclosing close relationship with the Cretaceous of Madagascar 


Cretaceous 
marine deposits 


and Natal. Four well-marked stages are recog- 
nized iii^ the Trichinoy)oly Cretaceous, whose 
correlation with the European stages is shown 


below : — 


Niniyur stage with Nautilus danicns .* Danian. 

Ariyalur stage with Trigonoarca gaUlrina Senonian. 

Trichinopoly stage with zonal distribution 

of Placenticeras and Fachydiscus Turonian. 

Utatur stage with zones of Mammites, 

Acanihoceras and Schloenl)achia C<;noniaiiian. 


Assam and the Narbada valley witnessed similar ttunporary 
invasions of the sea during the Upper Cretaceous, vestiges of which 
are seen in patches of marine deposits containing fossils c liaracs 
t(Tistic of the time. In the Narbada valley these are known as 
Bagh beds. The Bagh fossils are distinct types, showing greater 
affinity with the Cretaceous of Arabia and Europe than with the 
adjacent Assam or Trichinopoly province. This dissimilarity shows 
that the two seas were still'separated by some great and far-reaching 
land-barrier . The Lameta beds are a thin zone of fresh -water 
and estuarine beds of the same or slightly newer age than the 
Baghs, covering a wide extent of the ground underlying the Deccan 
Trap. They are of stratigraphic value by reason of their infra- 
trappean position and the 12 genera of Dinosaurian reptih^s that 
are preserved in them. * 


The Deccan Trap volcanic period. 

At the end of the CretaceoiA^, and according to recent dis- 
coveries, well after the commeYicement of the Eocene, the Deccan 
exj)erienced a period of intense volcanic; acttivity of a type that 
has no parallel among the volcanic; jihenomena of the modern 
world. Several hundred thousand sc|uare miles of the country 
were flooded by quiet outpourings of basaltic; lava from fissures in 
the earth’s surface which was eventually converted into a f)lateau 
several thousand feet high (Deccan Trap). The denudation of 
ages has carved out this plateau into numerous isolated, flat- 
topped and square-sided hill-masses which are to-day such a feature 
of the landscapes of the Western Ghats. In the dissected sides of 
these peculiar ghat-shaped hills we see to-day the piles of bedded 
basalts, in 20 to 80 feet thick horizontal flows, separated by thin 
partings of sediments, inter -trappean beds. The inter-trappoan 
beds are fos.siliferous and are thus valuable as furnishing the history 
of the periods of quiescence which intervened between the volcanic 
outbursts and of the animals and jilants that again and again 
migrated to the quiet centres. Numerous j)alms and some flow<;ring 
plants, together with fishes, frogs, and various orders of reyitiles 
flourished at this period in the Deccan, the petrified remains of 
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which, from this and adjoining areas, bear witness to the advanced, 
more evolved forms of life that superseded the land life of the 
Gondwana period. , 

The Deccan trap magma is generally an undifferentiated 
amygdaloidal basalt, or dolerite, of normal composition, but there 
are a few centres, e.gf., Girnar in Kathiawar and Pawagarh hill 
near Baroda, where acid and ultra-basic variations of the pre- 
vailing magma are met with, both in their intrusive and extrusive 
forms. A host of zeolitic and secondary minerals have been noted 
in vesicular cavities, as well as intorstitialJy, in the lavas. Ash-beds 
are commoji, with a few glassy and pumicious forms of lava, but 
agglomerates and coarse tuffs are absent, thus excluding any signs 
of explosive volcanic actjon during the eruptions. Swarms of 
dykes of dolerite traversing the bedded flows for long distances 
and extending through the bordering terrain are seen all along the 
periphery of the trap area, marking the sites of the Assures of 
eruption. 

Probably associated with the Deccan trap eruptions are the 
early Tertiary gabbro, peridotite and granophyre intrusions of 
Baluchistan, carrying the important chromite segregations of the 
Quetta and Zhob districts, and the serpentinized pfiridotitos of 
Burma, with their included masses of the much-prized mineral jade.. 

Geography of India at beginnfng of Tertiary Era. 

Thb Deccan traps mark the advent of the Gainozoic or 
Tertiary Era of earth-history. Groat changes in physical geo- 
graphy adumbrate the new era ; of these the most momentous 
were the breaking up of Gondwanaland into the now severed 
lands of Africa, India, and Australili, and the initiation of earth- 
movements which culminated in the lifting up of the Himalayan 
geosyncline from the bed of the Tethys Sea into the loftiest moun- 
tains of the world. It is probable that the outpouring of thousands 
of feet of Deccan trap lavas from the interior of the earth was in some 
way a prelude to the stupendous release of geodynamic energy in 
later Tertiary times. The backbone of Tertiary India, its main 
water-shed, was the Vindhya range with the Kaimur hills continued 
north-east by the Hazaribagh-Kajmahal hills and the Assam 
ranges. This watcr-divide separated the northerly drainage flowing 
into the remnant of the Tethys (left after the first mid-Eocene uplift 
of the Himalayas) from the southward flowing drainage into the 
Indian ocean. There were then two principal gulfs — ^the Sind gulf, 
extending north through Cutch, Punjab, Simla and Nepal ; and the 
eastern gulf of Assam and Burma, separated into two by the 
meridional ridge of the Arakan Yoma. The Gangetic plains were 
then a comparatively featureles*s expanse of rocky country, sloping 
northwards from the central Indian highlands towards the Sind 
gulf. 
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Marine and deltaic facies of the Tertiauies. 

The Tertiary history of India is recorded in the thick scdi- 
iiientary deposits filling thfsse two gulfs. As these dwindled and 
receded, they were replaced by the broad estuaries of the rivers 
that succeeded them, e.gr., tlie Indus in the fonppr case and the 
(hinges and Brahmaputra in the case of the latter. The earlier 
marine deposits were steadily replaced by the growing estuarine 
and deltaic sediments of the rivers supiu-seding them. 

Except for a few small patc^hes near the coasts, the T(>rtiary 
deposits of India are restricted to the extra- Peninsular mountains. 
The ranges of Sind, Assam and Burma, and tlu^ sub-iHimalavan 
zone, along its whohi length, are almost entirely com])osed of these 
rocks, of whi(*h the loVer, Eocene and OHigocene, are marine, whiles 
tin; upper, Miocene and Pliocene, are of fresh -water and sub-aerial 
deposition. In the Sind hills, the area taken as the type* of the 
Tertiary succession for the rest of India., the grou]) is classiti(Ml as 
follows : — 

Manchar scries Groy and brown saiulstonos and Up. PIIohmh*. 

(Siwalik) 10,000 feet. conglomerates with fossil mam- 
mals. 

Gaj series ’• Marine limestones and shales over- Up. MioccMie. 

15,000 feet. lying fi*esh -water strata, with Lr. Miocoia^ 

land-mammals . 


Nari series 
0,000 feet. 

Kirthar series 

9.000 feet. 
Laki series 

800 feet. 
Ranikot series 

2.000 feet. 


Upper ])art, fi'osh-water sandstone ; 
lower part, marine limestones with 
foraminifera. 

Massive Nummulilic limestones and 
shales, highly fossil iferous. 

Alvvolina limestone with (calcareous 
shales and ^oal-measurcs. 

Marino ^foraminiferal limestones 
underlain by coaly and gypseous 
shales. 

Cardila beaumonti bods 


Oligoeenc*. 


U ppor 
Koeono. 
Mid. lOoceno. 

IjOWOI* 

Eocene. 

Upper 

Urotaceous. 


A more or less full sequence of Tertiary rocks is met with in tlu^ 
Salt Range, the Pot war ])lat(Miu, the Punjab 
Salt, Coal and foot-hills, Assam and Burma, many of whoso 
Petroleum ^sso- j^tages are corrclatable to the Sind sequencer 
E o^c e^n e ^a n d lower part of the Tertiary is of (M'o- 

Miocene nomic value because} of the association of 

rock-salt, coal and petroleum with the Eoceme 
and Miocene rocks of Punjab, Assam and Burma. The rock-salt 
occurs in beds up to some hundred ft^ot thickness in the Li\ki 
series of the Salt Range, in the adjacent Kohat area and in 
the Mandi State near Simla. The rock-salt mines of these} 
localities supply 170,()00 tons of salt annually, the whole ejf 
which is useei for human consumption. About 450,000 tons of 
coal is mined from the coal-measures of the Ranikot-Laki series, 
while petroleum is the product of a somewhat higher horizon (Oligo- 
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ceno to Miocene) yielding nearly 250 million gallons from the 
Burma oilfields and 53 million from Assam, per year. The Khaur 
and Dhulian oilfields on the Punjab Teytiaries, producing 15 million 
gallons yearly, derive their oil from the Eocene Numraulitic lime- 
stone and overlying Murrees. 

The fossil wealth of the Stwalik System. 

The most important upper Tertiary formation, from the 
palaeontological point of view, is the Siwalik System (Lower 
Miocene to Lower Pleistocene). It is a group of river and sub- 
aerial depcfsits, sand-rock, clays and conglomerates, 16,000 feet thick, 
of remarkable uniformity of composition and character, stretch- 
ing in a long continuous band from Sind,*' through the Punjab 
(where it attains its greatest width), to Nepal and Assam. The 
Siwalits are constituted of the debris brought down from the 
newly upheaved Himalayas by the numerous transverse rivers and 
deposited in the broad valley of a north-westerly flowing river, 
which carried the combined discharge of the present Brahmaputra, 
Ganges and Indus to the head of the*^Sind gidf. This river is 
named Indjobrahm by Sir E. Pascoe. This system is jpoted for the 
wealth of fossil species belonging to extinct families of elephants, 
rhinoceroses, horses, giraffes, pigs, apes, deer, antelopes, bovids, 
camels and carnivores ; these animals are not far distant in age 
from our time and therefore are the immediate ancestors of our 
existing land mammalia. The prolific remains of their skeletons, 
skulls, teeth, bear witness to the abundance of the higher terrestrial 
life of those days before which the present world looks impoverished. 
The Siwaliks have preserved tfee remains of nearly 15 genera of 
anthropoid apes, the highest mamipal in the then existing living 
world, some of which are believed to be links in the line of human 
ancestry, and it is possible that future research imiy bring to light 
some remains of Primitive Man from the top beds of the Siwaliks. 

Pilgrim has classified the Siwalik system as follows, based on 
various mamiiialiferous horizons : — 

Upper Siwalik Bouldc3r-cjongloraorate stage — coarse con- Lower 

6.000- 9,000 feet. glomerates, or thick, oarthy clays : Pleistocene. 

Elephas, Equus, Bos. 

Pinjor stage — E. planifrona, Hemihos. 

Tatrot stage — Stegodon, Leploboa Up. Pliocene. 

Middle Siwalik Dhok Pathan stage — ^massive sandstone Pontian. 

6.000- 8,000 feet. and sand-rock ; Hipparion^ Oiraffoida, 

Hippopotmnus, Stegodon, Mastodon. 

Nagri stage — Hipparion, Prostegodon . . Sarmatian. 

Lower Siwalik Chinji stage — deep, rod, nodular clays Tortonian. 

4.000- 6,000 feet. with few sandstones ; Tetrahelodon, 

Qlraffokeryx, Liafriodon, Mastodon, Di- 
notherium. * 

Kamlial stage — dark, hard sandstones Helvetian, 
with piiiple clays ; Anthracotheroids, 

Aceratheriiim. 
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Three phases of uplift of the Himalayas. 

With tlie end of the Siwalik epoch the last phase of Himalayan 
uydieaval Avas com]deted, for at many localities in the foot-hills 
tightly folded npjier Siwalik strata stand on edge, or have been 
thrust over latw Pleistocene alluvium. The two earlier phases of 
Himalayan ni)lift were (1) the post-Eocene, which drove back the 
last remnants of the Nummulitic sea of the Himalayan area and 
u|)heavod the ocean floor to rise in one system of crustal folds. 
The nummulitic limestone is at places elevated 15,000 to 20,000 
feet ; (2) |^st-Miocene, which raised the zone of Murree-Kasaiili 
sediments into the lesser Himalayan zone, imparting to it com- 
plicated flexures and thrusting it under the o^der Tertiaries. 

The xiarallel lines of reversed faults in the Tertiary zone of 
the sub-Himalayas of the Punjab, Kumaon and Nepal designated as 
the ‘ Boundary b'aults ’ by Mcdlicott and Middlemiss, mark the 
pc^riodic uplift of the mountains accompanied by the (uicToachment 
of the mountain-foot more and more towards the rapidly filling 
depression to its south. 

Ilecent work in the Kashmir, Simla and Garhwal Himalayas 
has thrown some light on the structural plan of 
a b^o ifrstruct^e mountains and revealed the existence of 

of the Himalayas thrust-planes of groat magnitude, by which 

immense recumbent sheets (nappes) of the inner 
Himalayas liavc slid forward and come to lie on the newer rocks of 
the outl^r zone. At least two such thrusts have been clearly marked, 
one along which the younger Tertiaries of the sub-Himalayas are 
brought either against the Nummulitics or Permo-Carboniferous 
(Panjal or Blaini or Krol series) and another, along which the 
latter are overthrust by the great recumbently folded sheets of the 
crystalline and metamorphic Purana, or still older sediments, of 
the inner zone. The roots of the latter nappes, or sheet-folds, are 
not autochthonous, but lie much to the north in the central axial 
zone of the Himalayas, 


The Quaternary Ice Age. 

The end of the Siwalilt epoch witnessed, in common with many 
regions of the northern world, a great refrigeration of climate 
which culminated, in the Himalayan region, in an Ice Age, during 
which the greater part of the land surface was buried under a cap 
of ice. In the rest of India, situated below Lat. of the cold 
was not intense enough to cause glaciers to flow over its surface 
but it gave rise to a succession of cold, rainy periods (Pluvial 
period) which induced notablb changes in the habitat and dis- 
tribution of the then living fauna and flora of the Peninsula. In 
the Himalayas the records of the Quaternary ice age are clear, 
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both in the glaciated topography of the valleys and ranges and in 
the accumulations of moraines, erratics, rock-striations, roches 
inoutonn4es, etc. ^ 


Formation of the Indo-Gangetic Trough and •its filling up. 

The Indo-Gangetic Alluvium : The gcotectonic stresses 
involved in the erection of the Himalayas produced in the northern 
part of the Peninsular foreland a concomitant sag or depression, 
at the foot of the mountains. This wide trough b(|,twoen the 
Vindhyan-Kaimur highlands and the northern mountains was, in 
the Eocene tinSe, occupied by an arm ^f the sea ; the scattered 
chain of nummulitic outcrops, extending from Naini Tal to tlie Kala 
Chitta hills near the Indus, are the memorials left by that s«i. As 
this sea gradually retreated after the Eocene it was superseded by 
the broad estuary of the north-westerly flowing river referred to on 
p. 62, which traversed the whole breadth of India from Assam to 
the north-west corner of, the Punjab and then turned south to 
discharge into the Sind gulf. It was in this river- basin that the 
Murree and* Siwalik series were formed. This north-w(?storly 
drainage was disturbed in mid-Pleistoccne time by differential 
earth -movements and the old groat river was dismembered into the 
three separate river-systems of the Indus, (hinges and Brahmaputra. 
The depression still left began to be filled up by th(5 silt brought 
down from the high ground by the hydra-head(Hl tributaries* of the 
Indus and Ganges. Each fresh uplift of the mountains must hav(*. 
rejuvenated the streams, thus multiplying their caiTying capacity 
and aggrading power. On emergence from the stee|) gradient of 
their mountain-track, these stieams discharged their burden into 
the depression, eventually filling it up and converting it into tlu^ 
low, flat, level plains of the Punjab, the United Provinces, Bihar 
and Bengal. 

Estimates about the depth of the alluvium in the Indo-Gangetic^ 
trough vary from 6,500 feet to 15,000 fec^t. The trough is not 
of uniform depth along its whole length ; it is probably at maximum 
depth between Delhi and the Rajmahal hills and shallow in Raj- 
putana and Assam. Nor is the floor smooth , for several corrugations 
and ridges have recently been observed underneath the alluvium by 
gravimetric surveys carried out by the Geodcd-ic Survey of India. 
The northern rim of the trough, where it merges into the Himalayan 
foot-hill zone, is one of considerable tectonic strain ; it is the site 
of the long parallel fractures of boundary fault 
^belt^ o?IndL ^ (P* conceivable that thci 

alluvium conceals a zone of similar folding and 
faulting further south. The seismic belt of India runs along the 
north margin of the plains ; the epicentres of the majority of the 
great Indian earthquakes since the XV Century lie in this zone. 
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Latebite. 

The peculiar rock-formation known as Laterite, occurring as a 
cap over the surface rocks of tropical, monsoon-swept countries, 
is of wide distribution in the peninsular part of India from Assam 
to Cape Comorin. It is a reddish or mottled vesicular clayey rock, 
pisolitic or massive, composed of a mixture of hydrated oxides of 
alumina and iron, with smaller percentages of other oxides. There 
is generally no clay in typical laterite, the silica present is colloidal, 
meclianically held and not combined with alumina as kaolin. The 
base of many laterite deposits is bauxite and there are numerous 
varieties oi laterite which have a large proportion of bauxite at one 
end and an indefinite mixture of iron hydroxides at the other end 
of the series. The rock is'subject to many secondary chemical and 
segregative changes and hence presents numerous modifications 
in the field. Laterite occurs principally as a superficial cap on the 
basalt of the Deccan highlands but it is not confined to this rock 
and overspreads other formations as well. It caps plateaus ranging 
in height from 2,000 to 5,000 feet, the thickness of the cap varying 
from 50 to 200 feet commonly. Laterite deposits have economic 
value, being used at places as ores of iron or aiuminium, as a source 
of aluminous cement and, from the facility with which it can bo 
cut, when fresh, into blocks, as a building and road-making material. 


Sdb-Recbnt. 

Among the deposits that belong to geologically recent or sub- 
recent age may be mentioned the following diverse kinds : the 
high-level terraces of the prindipal rivers, coastal deposits, some 
raised beaches and submerged fore'&ts, wind-blown sands (of the 
Kajputana and Cutch deserts), loess, some cave-deposits, the black 
cotton-soil of Gujarat and Deccan, the ossiferous gravels of the 
upper Sutlej and Narbada and the Karewas of Kashmir. With 
many of these are associated relics of Prehistoric Man in India, his 
rudely fashioned knives, scrapers, celts, etc., made out of stone 
metal or bone. The principal sites from which palaeolithic imple- 
ments have been derived are the valleys of the Godavari, Narbada, 
Mahanadi and the Potwar plateau of N.-W. Punjab. Here we 
reach the limit of geological history ; further inquiry lies in the 
domain of Archaeology and Anthropology. 


Two TYPE-ABEAS FOB GEOLOGICAL StUDY IN INDIA. 

In the above sketch of the geological history of India we 
have presented only a broad generalized account of the sub-con- 
tinent in its barest outline. In by far the greater part of the 
country, the part in which the chief centres of population with 
their schools and universities are situated, the geological record is 
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highly imperfect and dis-continnous. Occurring in remote, frag- 
mentary patches, the geologist’s opportunities for field observation 
and study of this essentially out-of-doors science are greatly 
restricted. There are two localities in India, however, where the 
student of geology will find a considerable section of the most 
interesting divisions of the geological record laid •bare in accessible 
sites. These two localities are : (1) the Salt Range mountains, 
and (2) the Valley of Kashmir. 

Geological phenomena seen in the Salt Range, 

The Salt Range is a continuous range of low, flat-topped 
mountains rising al^ruptly out of the ^Punjab plains. It extends 
from Long. 71° 30'E. to 73° 30' with an approximately E.-W. strike 
from the Jhelum river to the Indus. It is a most important locality 
in India for the study of physical as well as stratigraphical geology, 
not only because it contains a very large portion of the stratified 
record of the Indian region, but because of the easily accessible 
nature and the clearness of the various sections laid bare in its 
hill-sides and valleys. ^Besides its stratigraphical and palaeonto- 
logical interest there is inscribed in its barren cliffs and dry gorges 
such a wealth of illustrations in dynamical and structural geology 
that this imposing line of hills can fitly be called a field- 
museum of geology. The striking structural feature of tho Salt 
Range, a disrupted and thrust-faulted monocline, is the more 
or loss level plateau top, ending on the one side in a line* of steep 
escarpments overlooking the Punjab plains, and on the opposite, 
northern side, inclining gently towards the Kala Chitta hills 
and enclosing between them tho Tertiary geosyncline of the Potwar. 
The general dip of the strata being to the north, the youngest 
Tertiary rocks are seen in the northern dip-slopes, while in tho 
steep southern escarpments is exposed tho fine succession of strata 
beginning with the Cambrian, through the Carboniferous, Permian, 
Trias, and Jurassic to the top of the Eocene, though the sequence 
is repeatedly interrupted and inverted by thrust-faulting. 

The entire length of tho range is faulted in a most characteristic 
manner by a number of transverse dip-faults into well-marked 
clean-cut tilted blocks. More important faults, regarding the 
tectonics of the range, are the reversed strike faults, often intensified 
into thrust-planes, by which slices of Cambrian strata have been 
repeatedly overthrust on to the Eocene, and these again over 
newer rocks. Recent work has made it clear that tho foot of tho 
range has undergone a horizontal displacement of many miles, 
being moved by pressure acting from the north along a gently 
inclined thrust (nappe). 

The name Salt Range is derived from the fact that its lowest 
beds, at the bottom of the cliffs, contain layers and lenses of pute 
rock-salt. Though occurring at the foot of the sections, this 
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position of the salt is adventitious and is due to the thrust-fault 
mentioned above. 

c 

Facilities for stratigraphic and tectonic work in the Kashmir 
^ Himalayas. 

The ICashmir Valley : Kashmir possesses within a small 
geographical compass one of the best developments of the stratified 
geological record. A complete series of fossiliferous formations, 
from the Cambrian to the Trias is exhibited in the mountains 
immediatel;^ surrounding the beautiful valley, in localities acces- 
sible to the student and thus offering opportunity for stratigraphic 
work met with in no other^ part of India, exgept the Salt Range. 
The Kashmir mountains are a unique excursion ground as much 
for stratigraphic investigation as for their orographic and physio- 
graphic features, glaciers, lakes, etc. Representatives of all the 
major units of the geological column are present in the area. Of 
these, the upper Tertiary is well displayed in the foot-hills of 
Jammu, adjoining the Punjab, while the older Tertiaries are ex- 
posed in the outer ranges of the middle Himalayas. The whole 
of the Palaeozoic, together with a grand development df the Trias 
is observed in the northern mountains, flanking the wide synclinal 
basin of tho upper Jhelum valley. It is only for the study of the 
Jurassic and Cretaceous that the student has to go farther afield 
and to penetrate to the central ranges of tho inner Himalayas. 

In the orthoclinally built Pir Panjal range, forming the southern 
flank of the Jhelum valley syncline, tho steep south-west face 
exhibits clear sections revealing the tectonics of this part of the 
Himalayas, its thrust-planes and *great recumbent folds, while the 
gently inclined north-east slopes, covered under enormous glacial 
and lacustrine (Karewa) deposits afford excellent ground for study 
of Pleistocene geology and recent orogenies. It is from the story 
told by the Karewa deposits of the Kashmir valley that we come 
to know of the extreme youth of tho Himalayas and that the 
western mountains of this chain have been uplifted from 5,000 to 
8,000 feet since the advent of Man on earth. 
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General. 

While a knowledge of tho geographical and climatal Yeatures 
of India is essential to any understanding of its Flora these features 
can only be touched briefly in such a short accrount of the vege- 
tation as is here proposed. The t^rm India as used heroin excludes 
the now separated provincje of llurma, also Ceylon and the countries 
to the north-west, Afghanistan, Baluchistan, etc., although passing 
references will be made to features of tho vegetation of these 
especially where such features indicate differences or invite com- 
parisons or otherwise throw light on the vegetation of India proper. 
It is not intended that this account should present other than a 
somewhat distant bird’s eye view of the extremely varied com- 
munities of plants extending throughout the country. For a 
closer view the visitor must have recourse to the works themselves 
on which this outline is based as well as to herbaria and to wide; 
travel, but if it serves the purpose of indicating tho range and 
content of the country, vegetatively treated, and brings into relief 
the variety and richness of its flora this is all that is intended. 

It is based largely on a collation of all those works which 
preceded the publication of Hooker’s Flora of British India as 
well, of course, as of this last, but, it attempts to take in matters 
of more recent origin, work scattered throughout the various pro- 
vincial and local floras and lists. It draws very freely from the 
account of the Botany of India published in the Imperial Gazetteer 

( 71 ) 
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the treatment in which is copied as the best means of reaching the 
object now desired, and the material of which it is hoped to sift 
and condense as well as to augment yhere information acquired 
since publication of the Gazetteer is likely to be of interest. 

India probably presents a greater variety of meteorological 
conditions, actiftns and features than any area of similar size in 
the world. Rainfall, with which is associated the humidity of 
the atmosphere and which more than any other meteorological 
condition exercises an influence on vegetation, varies from some 
450 inches in the hills of Assam to the north-east of the Bay of 
Bengal, an^. from some 350 inches in certain portions of the Western 
Ghats to as little as 3 inches per annum in Sind. During the 
south-west monsoon from Juno to September the air is super- 
saturated with moisture in the coastal districts and in the hills, 
while during the dry weather it may in certain districts be so dry 
as to defy the ordinary methods of calculation for humidity. In 
one season of the year the plains of India are the scene of the most 
wonderful and rapid growth of vegetation, a season of plenty for 
man and beast, in another they become, a dreary brown sunburnt 
waste where the herbivore starves by the midtitude and where it 
passes the understanding of man how any (;reature dependant on 
vegetation can come through the season. Such are the extremes 
presented by humidity, such the effects on vegetation and such tho 
results. 

Temperatures, which would seem to be of considerably less 
importance to plant life than water supply but whose effects as 
exemplified in the altitudinal range of Himalayan vegetation are 
yet appreciable show scarcely less extreme conditions than does 
humidity itself. From Greenland’s icy mountains to India’s 
coral strand has its counterpart for* tho Botanist in all conditions 
from lier own barren icy mountains to the relatively mild green 
belt that characterizes her strands. And in the plains of Upper 
Sind, as in the Pab desert, can be studied a vegetation that suffers 
at one time of the year a temperature reaching 130 in tho shade 
and at another conditions approaching those of the winter of Europe. 

The physical features or topography of India is second in its 
importance to her plant life only to the influence of climate. Here 
again a variety is evident that few if any areas of similar size in 
the globe present. In the north extending from Assam to Kashmir 
and running in a general north-westerly direction lies the massive 
range of the Himalayas with a vegetation richer and more varied 
than that of any other part of India if not of the world. This is 
separated from Peninsular India proper by the Indo-Gangetic 
depression, a broad belt of country through which in the west 
the Indus and its tributaries drain in a south-westerly direction to 
the Arabian Sea, while at no great distance from the source of this 
system the Ganges takes its rise to drain the great fertile plains of 
North-East India comprising the United Provinces, Bihar and 
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Bengal. In this Indo-Gangetic depression are found the greatest 
extremes of conditions for plant life. From a wide sun scorched 
desert in the west whore jlant life can scarcely exist we pass by 
gradation to the ever green delta of the Ganges a thousand miles 
distant. 

India south of the depression is characterized by a backbone 
of mountains in the west miming parallel to the coast, at no 
great distance from the Sea ; on the north by the Aravalli range 
and the rising uplands of Central India and (!!hota Nagpur and 
on the east by the range known as the Ghats. Rougldy these 
bound and contain the great central iilatoau, itstdf ^intersected 
mainly from a westerly to an easterly direction hy the water 
system of the Godavari and Krisjnia and minor streams 
draining into the Bay of Bengal. To tho south of the peninsula 
the ghats taper off in the Nilgiris and Cardamom hills to gentki 
smooth rounded slopes of groen uplands. Between tho ghats and 
the Sea there is a comparatively narrow flat or gently sloping belt 
where, as in the west, the vegetation is tropical, in tho east much 
more scanty except in thr; vicinity of the river mouths. 

The whole of the truly peninsular [)art of India comes more or 
Jess under tlie influence of the trade winds (arrying their moisture- 
laden burden. The moderating influence of proximity to tho ocean 
tends to temperatures showing less variations ; climates are more 
equable and there is much less seasonal variation in tlie vegetation 
than is to be found in the more extreme conditions away from tho 
sea or out of the way of the main monsoon routes. 

When the geographical extension of India is considered, when 
the number of degrees of latitude, temperate and tropical, it embracics 
is kept in mind, and when one reiJognizes it a land rising from the 
level of the sea to heights above the limits of vegetation, with 
torrid and aridic arid and humid conditions, tho variety and wealth 
of its flora need occasion no surprise. 

Of the elements of the flora of India, the Malayan is dominant. 
This undoubtedly arises from the fact tliat tho barriers set by climate 
and by the high uplands and mountainous frontiers to the infiltration 
of plants from the north and north-west are absent from Malaya. 
The sea is a still more effective barrier so that the African and to 
a still higher degree the Australian and American elements arc less 
well represented than the European and middle east floras. No 
fewer than 570 European genera figure in the Indian lists, many 
of them, however, represented by a single species ; and the middle 
eastern element is certainly, as is to be expected, not less prominent. 
How far the European plant element in India may be considered as 
native is a subject of speculation, but the recent influx of American 
species taken with their marked tendency to spread makes it passible 
to suppose that modern transport has been an agent and that 
before the era of Indian botanical work a considerable European 
element had by this means managed to reach and establish itself 
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in this part of the world. It is curious that although the Tibetan 
and Siberian floras only reach India in the alpine regions of the 
Himalaya the Chinese and Japanese floras are strongly represented 
in its temperate belt. 

An examination of the Flora of India reveals the outstanding 
peculiarity that not one of the families of flowering plants is peculiar 
to it ; and if the genera common to India and some adjacent 
countries be excluded few endemic genera remain, and such of them 
as are endemic are local and with few exceptions aro restricted to 
one or few species. When, therefore, the immense range of condi- 
tions that India presents for plant life be considered it is an enigma 
that its flora can yet be considered as merely an aggregation of 
several floral types. ^ 

The Australian element in the Indian flora is curiously repre- 
sented Jby certain species of genera that are all but endemic in the 
southern continent, namely, Baekia, Leptospermum, MelaUuca, 
Leucopogoriy Stylidium, Helicia and Gasuarina. Oxybaphus of the 
Himalayas is otherwise a purely American genus. Pyrularia edulis 
is linked geographically to Java and Nojrth America and Vogelia 
to Soutli Africa and Socotra. There aro curiously no Myoporaceas, 
Empetracea) or Cistaceae in India, and though the Limb, the Beach 
and the Chestnut extend from Europe to the Far East they avoid 
even the temperate belt of the Himalayas. 

With the exception of the Rhododendron bolt in the Himalayas 
the Pines of the north-west, bamboos locally in parts of Southern 
India ahd Burma and certain elements of the Xorophytic vegetation 
of the Indian desert, there aro few assemblages of plants in India 
that characterize landscapes over wide areas. Palms in the lower 
areas of the peninsula. Acacias^ \\\ many placjes, Strobilanthes as 
in the Nilgiris, Dipterocarpus as in* the extreme east of our area 
and in Burma and Sal at the base of the Eastern Himalaya give a 
mark to the vegetation over considerable areas but they are far 
from taking the place of assemblages. They are at best conspicuous 
features of the landscape but not dominant. There is nothing for 
instance like the heaths of Britain or those and succulents in South 
Africa, the Eucalypti and ProteaceaB in Australia, the Cacti in 
America or the Aloes and Euphorbias of East Tropical and South 
Africa. The Prairies and Pampas of America have no corres- 
ponding assemblages here. The flora of the whole peninsula still 
strives, one member with another, and victory over wide areas to a 
gregarious species has yet to be established. We may even have to 
fix on certain plant immigrants of recent advent if we wish to 
illustrate the march of the struggle for supremacy. Eichornea, the 
water pest of Lower Bengal, now more than gives a distinctive 
feature to the landscape ; Lantana is a widespread pest and Croton 
sparaifiorus shows signs of establishing itself to the exclusion of 
most else and in tracts of waste land. Of the same class but less 
objectionable than Eichornea are Eupatorium odorcUum, Ageratum 
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conyzoides, Mikania scandens, Argemone Mexicana, Suceda maritirm, 
Opuntia Dillenii and the lawn weed Evolvulus nummularivs which 
is steadily increasing its hol^. Quite a number of species of exotic 
Oxalis are now present amongst which Oxalis corymboaa tends to 
become a pest. The ‘ Flora advena ’ of India shows a marked 
number of species of American especially semi-tropical American 
origin. One naturally asks whether the opening of the Panama 
Canal has not had an influence on the floral elements that have 
within recent times established themselves here. 

To leave the not truly Indian members and revert to groups 
of the indigenous flora wo note that the Palms are less ^iverso in 
spcciflc characteristics than they are further East or in the new 
world. The most cot^spicuous are the galipot palms (Corypha) 
although not nearly so numerous as the Indian dates (Phoenix), 
or the Palmyras (Bordssus) the Coconuts (Cocos) or the Arecas 
and Livistonas. These are mainly trees of the open plain or find 
themselves under cultivation. On the other hand, graceful erect 
or climbing palms with pinnate or fan shaped leaves frequent the 
humid evergreen forests vjhere the Rattans (Calami) ascend the 
trees by their hooked spines and expose their feathery crowns to 
the light. More specialized and therefore more local, indeed locally 
dominant, are the all but stemless palms Phoenix farinifera of the 
Coromandal Coast, Nannorhops Ritchimna of North-Western India 
and Phoenix paludosa and Nipa fruticans of the Sunderbans. The 
last is estuarial and has a wide distribution. The Bamboos are 
nearly everywhere important. Well over a hundred speoieft have 
been recognized by Gamble in his monograph of the group. They 
ascend from plains level to considerable elevations in most parts 
of India where the humidity alloi;^ of their development. They 
form, as elsewhere in the tropiefe, an important feature whether as 
clumps growing in the open or forming in association all but 
impenetrable jungle. They are the bugbear of the field botanist, 
for in addition to impeding his movement they shelter his most 
annoying enemies the ticks and the leeches. The taller kinds 
monopolize large areas in the hot lower regions, the smaller clothe 
mountain slopes up to 10,000 feet in the Himalayas. Of the 
endemic figs King has described 33 species and a multitude of 
others ; they vary in size from small scandent and inconspicuous 
members like F, scandens, F. macrocarpa, F. guttata, F. nigrescens 
and F. asperrirm to the spreading giants of the forest, Ficus 
bengalensis, F. mysorensis and F, religiosa. 

Tree ferns of which there are comparatively few species and 
the Bananas of which more than are at present known seem likely 
to accrue to science, are comparatively local but yet conspicuous 
members of the vegetation. 

The Conifers are almost entirely confined to the areas north 
of the great Indo-Gangetic divide. There are some 25 species of* 
which a very few only are considered as not wild. Two species of 
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Juniper, a Picecby a Taxus, a Tsuga and a Finns (P, longifolia) 
are common to the both ends of the range. Agathis loranthifolia 
and Dacrydium elatum are Malayan^ extensions and Podocarpus 
neriifolia, and Pinna Merknsii are more Malayan than Indian. 
Jnniperns commnnis and Taxus baccata extend eastward from 
Europe, the latter to the Chino-Tibetan borderlands. 

Types of Forest Vegetation of India. 

The forest vegetation of India may be divided into five types ; 
the evergreen, the deciduous, the dry, the hill and the tidal or 
littoral. The evergreen again is separable into two sections, that 
which comes under the ipfluence of the main south-west monsoon 
and that, of the Carnatic, which depends on the much weaker 
winter or north-east rains. The former type occupies the west 
coast of the peninsula up to the ridge of the western mountain 
chain which cuts off the moisture laden sea winds from the Deccan 
and eastern portion of the peninsula. In the same way it is spread 
over the north-eastern part of the area with which we deal, and 
all the lower slopes of the Eastern Himalaya are chtxracterized by 
it. It (jontains trees of many important families among which 
are specially noticeable the Dipterocarpaceae, Guttiferae, Annonacea?, 
Meliaceao, Burseraceae, Sapotaceae, Euphorbia(;eae and the Palmea^. 
The evergreen forests provide in the main no exception to the rule 
of absence in India of a species dominant over a wide area ; but 
some of its members, e.g,, Dipterocarps show nevertheless a tendency 
to the gregarious habit. They contain many species of great 
economic value and great size amongst which could be enumerated 
species of Dipterocar 2 ms, Hopeh, Mesna, Calophylluni, Chickrassia, 
Cedrehi, Dalhergia, Bischofia and Artocarpus. Bamboos are 
plentiful and associated with them locally are to be found Teak, 
liosewood and Ironwood. The Carnatic evergreens on the other 
hand are characterized by their comparatively smaller size and 
harder texture. Here we find the Ebony, species of Mimnsops, 
the .laman, the Neem and the Tamarind. The families Ebenaceap, 
SapotacesD, Capparidaceae, Rhamnaceae and Myrtaceae become 
prominent. 

The deciduous type of forest occupies the larger part of the 
peninsula ; it extends to Burma and is an important element in the 
Andamans. It is the most important from the forester’s point of 
view containing as it docs the main supplies of Teak (Tectona), 
8al (Shorea) of the Sub-Himalayan tract, the Padaiiks and Red- 
woods (Pterocarpus), the Sandalwood (Santalum) of Mysore, 
Coimbatore and adjoining country and of Anjan (Hardivickia) the 
hardest and heaviest of Indian woods. Besides those, important 
species of the genera Terminalia, Lagerstroemia, Anogeissus, Soymida, 
' Chloroxylon, Swietenia, Diospyros, Acacia, Albizzia and others 
occur. 



CALDEB : THE VEGETATION OF INDIA. 


'17 


The dry forests are situated in Rajputana and the Punjab 
and spread over a large extent of native states. Towards the north 
and north-west they become^ richer and gradually blend into deci- 
duous or alpine forests, whereas they get drier and drier towards 
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the west and south-west and disappear into the deserts on botli 
sides of the lower Indus where the courses of perennial rivers alone 
are fringed by a belt of arboreous vegetation. The chief families 
represented in this region are the Loguminosae, Capparidacese, 
Salvadoracea3, Tamaricacae and Rhamnaccaj, the most charac- 
teristic trees being the Jhand (Prosopis spicigera) and the various * 
species of Tamarix, Salvadora and Capparis. 
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Hill forests are found within the Indian Empire along the 
whole of the Himalaya mountain chain from Assam to Hazara, 
and in the contiguous hill areas of Afghanistan, Baluchistan ancl 
Burma. In this belt the Conifcrse and Cupuliferao find conditions 
for their development while other prominent families are the 
SapindacesG, feauracese, Magnoliacese, Salicaceae and Urticace®. 
Here flourish the Deodar (C^rus), the pines {Pinus longifolia, P. 
excelsa, khasya and Gerardiana), the firs, Abies Webhiana ; the oaks 
include some six species while there are the Chestnut, Walnut, Maple, 
Elm, Ash, Birch, Poplar and Rhododendron. 

The fidal or littoral forest typo is situated along the moister 
part of the coast of India and especially in the deltas of its rivers. 
The prominent families o:^those forests are Rhizophoracese, Meliace®, 
Lythrace®, Euphorbiace® and Sterculiace® and the chief timbers 
the Svndri, Heritiera, Garapa, Avicennia, Sonneratia and Aegiceras. 
The littoral forest is the home of the tidal palm Nipa, the leaves 
of which are so much used for roofing purposes and the distribu- 
tion of which in similar conditions extends eastward over a wide 
area. , 

The shrubby and herbaceous vegetation will be touched on 
in examination of the floral regions which follows, but the fresh- 
water flowering plants may be briefly referred to now. Of all 
these the Nymph®as with their allies Nelumhium speciosum and 
Euryale feroz are easily the most conspicuous. In the moister 
parts of India and especially in areas where the water level maintains 
a perennial supply of moisture for their existence in shallower 
water they are to bo found in abundance and associated with these 
are to be found Pistia stratiotes and species of Lemna. Of recent 
times and developing with such rapidity as almost to crowd them 
out, is to be found the water pGst*Eichornia, referred to above as 
exotic. The Podostemonads arc among the most remarkable of 
India’s freshwater flora. They clothe rocks and stones in rapid 
streams with submerged spreading fronds resembling green lichens 
more than flowering plants. A recent examination of this type of 
flora shows no fewer than 160 flowering species as ‘ common water 
or marsh plants ’ ; the carnivorous bladder worts and, very rarely, 
the Venus Ely trap of southern Europe are both present. 

The largest family of flowering plants in India is Orchidace®, 
with some 1,700 species, but the attractiveness of the family has 
prompted a fuller examination of its members than has been the 
case with others, and it is not improbable that monographs of other 
groups will at least diminish the numerical supremacy of the 
Orchids. Next in order of dominance come the Leguminos®, 
Gramme®, Rubiace®, Euphorbiace®, Acanthace®, Composit®, 
Cyperace®, Labiat® and Urticace®. Of these all but Labiat® and 
Composit® are more tropical than temperate. The low place of the 
* Composit®, the world’s richest family of flowering plants, is remark- 
able. In most countries it heads the list. Here it comes seventh, 
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and if the Himalaya in its tempc^rate and alpine zones be excluded 
from our area, — and indeed these zones are floristieally not truly 
Indian — ^the Compositse wo^ld disappear altogether from the list 
of ten dominant families. Its members are, as elsewhere, mostly 
herbaceous, rarely shrubby or tree-like. They are very seldom — 
Artemisia is an exception — ^gregarious. Monocotyledons in the 
Indian flora are relatively important, there being one for every 
seven species of Dicotyledons in spite of the fiict that the Graminew 
as a whole are relatively weak. The Aroide® on the other hand 
are well represented as are also the Scitamineae and the Dioscoreacea?. 


The Botanical Regions of India. 

The area with which we deal is primarily divisible int« three 
botanical areas : a Himalayan, an Eastern and a Western. The 
prominent characters of the three are — that the Himalayan area 
presents a rich tropical, temperate and alpine flora with forests of 
Conifers, Oaks, Rhododendrons and a profusion of Orchids ; that 
the Eastern ^has no alpine flora, a very restricted temperate one, 
few Conifers, many Oaks and Palms and a great preponderance of 
Orchids ; that the Western has only one Conifer, no Oaks, few Palms 
and comparatively few Orchids. Further the Himalayan Flora 
abounds in European and Siberian genera ; the Eastern in Chinese 
and Malayan ; the Western in European, Oriental and African. 

Climatic and physical conditions, however, admit of a rough 
division of India into six botanical regions, and an examination of 
the floral features of these will end this a(;count. 

These regions are the Easterli and Western Himalayas, the 
Indus plain, the Gangetic plaih, Malabar and the Deccan, the two 
last in a very extended sense. 

The Flora of the Eastern Himalaya is well represented in 
Sikkim, the area which is botaiiically best known. 

Hlmafaya*^ most humid district in the whole 

range. It contains over 4,000 sj)ecies of flower- 
ing plants belonging to some 160 families besides 250 ferns and their 
allies, of which 8 are tree ferns. The ten dominant families of 
plants in order of numerical importance are Orchidacese, Graminesc, 
Leguminosse, Compositsc, Cyperacesc, Urticacese, Scrophulariaceae, 
Rosacea), Rubiaceae and Euphorbiacese. Its flora may be con- 
veniently examined in three altitudinal zones, a tropical, a 
temperate and an alpine, but it should bo understood that there 
is no hard and fast line of demarcation between these, plants of 
the tropical zone reaching into the temperate and vice versa, and 
so with the temperate and alpine zones. Monocotyledons stand 
to Dicotyledons as 1 to 2*5, and as we ascend, the number of 
species tends to decline as does the density of the vegetation.* 
Thus in the lower and middle zones there are respectively four 
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and three times as many species as in the upper ; while the lower 
contains some 25% more than the middle. 

The tropical zone which includes the gently rising plain at the 
foot of the hills is characterized above all else by its forests of 
Sal {Shorea) and by Leguminous trees (Plate I, bottom figure). 
There is a ri«h undergrowth of shrubs, coarse grasses and 
herbaceous plants belonging for the most part to the fiora of the 
Gangetic Plain. Climbers abound from plains level upwards, there 
being representatives of all the chief climbing families — Ampeli- 
dacese, Cucurbitaceae, Convolvulaceac, Apocynaceae. Asclepiadaceae, 
Liliaceae {^milax), Dioscorcaceae and Aroideae, while herbaceous 
plants are well represented by Malvaceae, Balsams, Orchids, 
Grasses, Aroids and especially in the rainy pQriod by a profusion of 
Scitamineae. Amongst shrubs the widespread prevalence of species 
of Stropilanthes in the forest is to be noted, whilst in clearings 
Edgeworthia, Artemisia, Mcssa and Melastorna seem to take their 
place. 

There is a rich arboreal flora in this zone. The Magnolias 
reach profusion in its upper limit ; Annonaceae, Meliaceoe, Legumi- 
nosac, Combretaceic, Euphorbiaceae, Urticaceic, Bubiaccae and 
SterculiaceaB are present throughout. The presence of Quercus 
and Castanopsis and of the pine (P. longifolia) in this belt dis- 
tinguishes its floral type sharply from that of the plains, but species 
of Ficus and Hterculea carry the similarity to considerable levels. 
Home 18 species of Palms are to be found; Pandanus is locally 
present* to some height and Bamboos abound everywhere at the 
lower levels, there being some 12 different kinds. 

In the temperate zone wJiich may be said to extend from 0,0(X) 
to 11,000 fe^)t the composition 6f the flora changes rapidly as we 
ascend. Numerical precedence is Still retained Ijy the Orchids, 
but a number of families which are of small importance at lower 
elevations here so greatly in(?rease the number of their species as 
to prevail over the Leguminosae, Euphorbiaceae and Urticaceae 
themselves. The llosacese, Labiateto, Ericaceae and Umbelliferai 
gradually reach importance in this zone to bo themselves superseded 
at greater heights by more lowly if not less beautiful Primulas, 
Saxifragas and Crucifers. Of trees of the temperate zone the 
Magnolias — one species of which (M. Camphellii) formerly clothed 
the slopes ro\ind Darjeeling — are the most noteworthy ; but the 
bolt is characterized by Oaks, Laurels, Maples, Birches, Alder, 
BudcUindia, Pyrus and Conifers including the Silver Fir, the Yew, 
a Spruce and the only deciduous Conifer in the Himalaya Larix 
Griffithiana and especially by its wonderful Bhododendrons. As 
the cultivation of tea does not extend much into it, the vegetation 
in. this zone retains more of its natural aspect than is the case 
in large areas of the belt below* 

• The alpine zone sees the complete exclusion of Orchidaceae 
from the list of chief families. The Compositae now come into 
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their own, and associated with them in order of importaiico appear 
the Sc;rophidariacete, Priniulacea', Saxifra^acoai and Coniferjc. 
The comparatively low ])ositionof theScdj^es and Grasses is notable. 
One would have thought lliat tlio absence of canopy would have 
given these a chance at such heights. An explanation for the 
weakness may possibly lie in the depth of thcfir root systems. 
But for a few Birches and Fyri that enter the alpine from the 
temperate zone trees would be entirely absent. Shrubby vegetation 
is represented by the lihododendrons and Junipers and by s])ecies 
Ephedra, Berheris, Lonicera, Rosa and Gofoneaster. An Arenaria 
which forms hard hcmispheri(i or globose whiter balls is a charac- 
teristic feature of the landscape. But the most striking plants of 
the zone are speeies.of Meconopsis, Rheum, Primula, Tanacelum, 
Baussurea and Rhododendron, 


Like the Eastern, the Western Himalayan botanical proviiuH*, 
can be divided into threes roughly corres])onding 
altitudinal zones, but th(^ western province, 
considering its greatly (extended breadth from 
soutli to tiorth and theretpre its much greater area, does not exhibit 
in respect oJ‘ flora the degree of richness of the Eastern. The lower 
elevations of its south-eastern ranges display, however, general 
floral features not unlike those of the Eastern provim^e. Taken as 
a whole tlie western area is botanically far betten- (^xplonui and yet the 
number of species in the whole of the known western area only lupials 
the number in the (fom]:)aratively small secd-ion taken as reprcjsentaf.i ve 
of the Eastern zone. In this province the Orchidaceous species rec(Mle 
from first pla(;e to seventh in the order of numerical importaiue. 
The cold loving and better drought resisting mcunbers of tlui families 
Gramincie, Compositas and IjeguAiinosse now lunid the list, while 
in comparison with the Easterh Himalaya t lu^ liabiates, Kanuncuh^s 
and Crucifers gain mark(Mlly in importanct^ Bulbous plants pre- 
dominate and Monocotyledons gain over Dicotyledons wluui (com- 
parison is made with tlie proportion in the East. The V^icciniacceas 
which represents a temperate or sub-alpine grou|) of filant.s, curiously 
disappears in the West ; but so also do the tropical Dilleniacccac, 
Guttifera3, Passifloracese, Myristicacea^ (Jycadaceac, Burmanniaceac 
and Pandanacea;. Against their disap pearancce is to be placced 
the advent of such groups as the ilicscdacea^ Moring(iac, Poli- 
moniacege and Salvacloraccaj. An examination shows that of 


typically European elements there are twice as many in the western 
as in the eastern Himalaya, the presemce of saline soil in tlie west 
accounting especially for the tremendous pr(Mlominan(?e in r(csf) 0 (ct 
of Chenopods. Palms come down to six, including 3 species of 
Phoenix, against three times as many in the East. The occurrence 
in the North-West of the curious stemless Nannorhops Ritchieana 
has already been noted in references to the gregarious habit in the 
Indian Flora (Plate I, top figure). The tropical typo of flora dies 
out rapidly as the extreme north-west portion of the province is 
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reached, but certain tropicals are yet found here that arc absent 
from the Eastern province. Among these the true Pistacia, tlie 
Pomegranate and the Oleander are noteworthy. Bamboos prac- 
tically disappear. * 

The temperate zone of the Western Himalaya is more hospitable 
than the Eastern to Conifers. All members present in the East, 
except the Larch, extend westward, but there got added forests of 
Pinus longifolia, Abies Webhiana, Cupressus torulosa, Junipers and 
Pinus Oerardiana (Plate II, bottom figure). Within temperate con- 
ditions oaks are more accommodating, the numbers in the east and 
the west more nearly equalling. Quercus Ilex, the Holm oak, fails 
to reach Sitkim but is present in the West. 

Shrubs peculiar to tjie West are the .Indian Bladder-nut, 
(Staphylea), the Lilac {Syringa), several kinds of Roses, the Mountain 
Ash, PyruH, and the Hawthorn (Gratcegus). But the chief difference 
lies in the greatly reduced number and importance of the Rhodo- 
dendrons. Several Ranunculaceous herbs, unknown in the East, 
are here present together with species of Aquilegia, Pceonia, Adoxa, 
Erioj)horum and many Grasses, Rushes and^Carices. Balsams abound 
at all elevations in the temperate zone except the highest, the spcci(\s 
being with few exceptions endemic. As is to be ekpected the 
decrease of rainfall as the Western Himalaya is reached results 
in a diminution of epiphytic vegetation, a fact emphasized by the 
relative preponderance in this zone of terrestrial, as against epiphytic, 
Orchids. Palms are confined to one species, Trachycarpus Martiana, 
and Baftiboos to four dwarf gregarious. 

The alpine zone abounds in Astragali and the prevalence of 
Artemisias, Saussureas, Tanacetums and others accounts for 
Compositae taking first place hei5e as it does in the corresponding 
zone of the Eastern Himalaya. Grasses and Legumes gain promi- 
nence as also curiously enough does the Gentians, a group one 
might think to predominate in the East with its Chinese element. 
Two conspicuous eastern alpines Rheum nohih and T'auacetum 
gossypium disappear although Arenarias carry on throughout the 
range at the higher elevations. 

The Indus Plain province includes the Punjab, 8ind and 
The Indus Plain i^3,jputana west of the Aravalli range and Jumna 
river, Cutch and Gujarat. The forest flora of 
much of this region is fully described by Parker. Sal finds its 
extreme western limit in this province. The principal trees of the 
Indus Plain are Bomhax malaharicum, Sterculea urens, Morhiga spp. 
Boswellia serrata, Odina wodier, Aegle viarmelos, Pistacia integerrima, 
Prosopis spicigera, Acacia spp. Dichrostachys cinerea, Dalbergia 
spp. Mimosa spp. AnogeAssus pendula, Cordia spp. Tamarix and 
salix, Ex(.*ept, however, towards the lower levels of the Himalayas, 
on the slopes of the Aravallis'and where irrigation allows of the 
development the forests are stunted and tend more to scrub. 
Saline tracts characterize the province over wide areas ; here 
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species of Salsola and the Arabic grass, Sporoholus thrive, elsewhere 
the odorous Andropogon jwaranctisa and A. nardus and among 
trees Acacia arahica, Tarmrix articulata, and Butea frondom are 
said to stand the saline conditions well. Along the rivers Tamarix 
dioica is the commonest woody plant along with Populus mpliraiicay 
but Acacia Farnesiavcb is naturalized and Dalhergia aissoo is com- 
monly planted. Compared with the adjoining Western Himalaya 
the flora is poor and is naturally adapted to the semi-desert condi- 
tions, for whether we proceed across the province in a south-west 
direction from the Himalaya to Sind or in a sou t li -cast direction 
from the Afghan border to western Raj pu tana vegetation rapidly 
diminishes, approaching extinction in the Indian desert. Irrigation 
in the Indus Plain pi;ovince has greatly; alfected the natural flora. 
The chief families of plants are still those that take ])reced(^nce in 
the Western Himalaya, the Gramineae, Leguminosa?, Compohjitaj and 
CyperaccjB heading the list in both provinces, but the number of 
species in the plain is only about a third of that in the Western 
Himalaya. Shrubby vegetation as is to be expected largely takes 
the place of trees and ^mong the herbaceous there is a strong 
element of ^he annual typo or of vegetation that can withstand 
prolonged periods of di’ought. The most conspicuous shrub is the 
Xerophytic Euphorbia Royleana but CappariSy Zizyphus, Grewia, 
Balanites, Calotropis, Alhagi, Cassia, Dodmmi and Calligonum are 
genera represented and are all prevalent (Plate II, top figure). 
Gossypium Stocksii, the only indigenous cotton of the old world, is 
confined to Sind. * 

The deltaic vegetation of the Indus resembles that of the 
Sunderbans but is much poorer in species, one of the main oU^ments 
in the East, Nipa fruticans, being absent in the West as is also 
Phoenix paludosa. The only Talms of the Indus Plain are the 
wide-spread Phoenix sylvestris and the local gregarious Nannorhops 
Ritchieana the presence of which is indicative of dry sandy condi- 
tions. Besides in Sind the latter finds conditions favourable for its 
development in the Salt Range. The hardy Bamboo, Dendrocala- 
mus strict us, is the only natural representative of its (;lass in the 
area. The whole area attracts the physiological botanist and the 
ecologist rather than the systematist. 

The Gangetic Plain botanical province has through the influence 
of man in the course of untold generations lost 
much of its primeval appearance. It is agri- 
culturally the richest part of India and is now 
to a very great extent given over to cultivation. With the ox(!op- 
tion of the Sunderban part the flora, therefore, is not now what it 
came from or what it would revert to if the hand of mean wore 
removed. There are records of its being covered at one time by 
vast forests of Sal which have now all but disappeared except 
on the slopes and at the base of its mountain boundaries. It iS 
geologically of recent origin having been formed in the course of 
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ages by the silt of the Ganges and its tributaries which may at 
one time have linked with the Indus System. Botanically it is 
not a single province : it would, indeed,^ oven when the sloping hill 
tracts to its sides are excluded and still more when they are included, 
be better to treat it as three provinces. There is the flora of the 
Upper Gaugetic* Plain, between which and those of the Indus 
Plain the middle Himalayas and the Deccan there are marked 
affinities, the flora of the middle plain represented by the vegetation 
of Bihar and Orissa and Western Bengal and the flora of the lower 
plain or deltaic area typified in the Sunderbans. As the province 
has been w^l explored and shows itself divisible into three botani(ud 
sections it will be well to treat it so. The Upper Gaugetic Plain 
includes all that country d/*ained by the Ganges and its north and 
south tributaries from the edge of the rising country north-west of 
Delhi to a roughly north-south line running through Benares. 
The indigenous vegetation in its western part is that of a dry 
country, the trees in the dry season being for the most part leafless 
and the grasses and other herbs burnt up ; but by far the greater 
part of the land to the eastward contracts with that to the west 
in being under cultivation. The flora of tho western .extreme as 
indicated by such species as Pegmmm harmala, Pluchm hinceoMa 
and Tecormi undulata is continuous with tho dry districsts of the 
Indus Plain. The principal forest is that of Ajmere characterized 
by Anogeisus pmdula and by species of Boswdlia, Balsamodendron, 
Moringa^ Rhus, Acacia and Prosopis, Tho Bengal rose occurs and 
in the chid season the area is chara(;terized by a herbaceous annual 
flora in which many English species are to bo found. Bamboos, 
unless whore planted and tended or on the borders of tho hills, 
iire almost absent, but the DAite Palm locally over the area 
and a few species of Rattans in tho Submontane thickets represent 
the Palms. Salvadora charac^terizes the so-called Reh-lands 
impregnated with their alkalis. The absence of Guttiferie from 
the area is noteworthy, but this is only one family of a list of 
absentees that are yet present in tho districts north, south and 
west of the Upper Plain. Leguminosfe, Graminese, Cyperacea; and 
Compositac occur in order of prevalence. Savannah or grass 
lands sometimes of considerable extent occur and are dotted 
with trees like Bombax mahiharicum, Randia uliginosa, Butea 
frondosa and Zizyphus sp. (Plate III, bottom figure). The Middle 
Gaugetic Plain takes in all the country to the east of a north-south 
lino through Benares and includes the plains of Assam. It is the 
evergreen country of India in which cultivation has par excellence 
affected the flora. A huge sea of waving rice fields extending as 
far as the eye can reach now best characterizes it. The villages 
are buried in groves of mango, jack fruit, betel nut, figs and palms, 
and amongst the herbaceous vegetation the Aroids both wild and 
cXiltivated are conspicuous. Broad tanks take the place of the 
wells of Upper India and in these the lotus Nymphseas and all the 
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pond vegetation referred to above is to be found. This type indeed 
probably best represents the original liora of the Middle to Lower 
Gangetic Plain for it has l)^en least interfered witli by the hand of 
man. In the eastern portion where the waters of the Ganges and 
Brahmaputra tend to overflow, the jhils or side canals and old river 
beds are characterized by a luxuriance of marsh gi*iisaes and Cyper- 
aceiB, typified by tracts of Saccharuni sjxmtaneum. Among the 
trees many are introduced Bombax, Folyalfhia, Eriodendron spp. 
and even such common species as Poinciami regia (the gold inohur) 
Lagerstroemia flos-regina, Pferospermum aceri folium, Casuarina 
equisitifolia and Atiocarpus inlegrifolia are of this kimd. In the 
drier districts the Babul, Acacia arabica, is a characteristic fi>ature. 
For a full account of 'the Sunderbans flera which together with the 
flora of Sikkim, visitors arc likely to have a chance of inspec^ting, a 
reference is invited to Prain’s works. This flora is notable f^om the 
fact that, considering the limited area occaipied, it contains more 
local species than does any other botanical area in India. This is 
to be ascribed to the peculiarity of its soils being saline and to its 
receiving a more than oiidinary share of the south-west monsoon 
rains. / 

The Sunderbans. — ^The Sunderbans are clothed with a dense 
evergreen forest of trees and shrubs and constitute, therefore, an 
important forest division. Typical of the Mangrove forest which 
takes precedence are species of Kliizophora, (Uirapa, Ceriops, 
Bruguiera, Sonneralia, Aegiceras, n.nd Avicermm (li^late IV^ bottom 
figure). A remarkable character in this vegetation is the habit of 
several of the endemic? species to send up from their siibtorranean 
roots a multitude of aerial root suckers whi(?h act. as respiratory 
organs. In some places these may become so numerouhf that passage 
through the forest is difficult. They act like' a. small fortjst of spikes 
jutting out from the ground. Two Palms of the Sunderbans deserve 
special attention, Nipa frulicans and Phoenix paludosa. The former 
covers ('onsidcrable areas in great stretches of the tidal n^gions both 
here and further oast, a palm taking almost complete ])ossession of 
the borders of the estuaries where the conditions are brackish but 
declining waters that tend to become fresh (Plate IV, top figure). 
Repeated attemjfls to introduce it to the relatively sweet water of 
the Royal Botanic Gardens at Sibpur have bcMUi made? but it always 
dies out. Phoenix paludosa, on the other hand, thrivcjs in tlie drier 
localities. In addition to the Mangrove type we have, however, 
many Sunderbans species common to inlaiul Bengal, e.g.. Pongaomia 
glabra, Kleinhovia hospita, Agle marmelos, Odina wodier, Cordia myxa, 
Slreblus asper, and Barringtonia acutangula being representatives of 
trees common to both. With the Mangrove is mixed Tyfffiaceai, 
Graminese and Cyperacca?. As in, the rest of the Gangcitic Plain 
province the families Leguminosse, Graminea? and Oyperacea? still 
stand out as including the largest numbers of species, but here the 
OrchidacesD, in contrast to the upper sections of the plain, begin to 
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creep up the list of dominant families. There are some 13 species, 
all, however, epiphytic, a sign of the increased humidity of the 
atmosphere. It is curious that while t^ho grasses are plentiful no 
species of Bamboo has been able to accommodate itself to the wet 
saline (jonditions. Amongst the undershrubs two species of Acanthus 
are prominent with their light blue flowers and holly-like leaves. 

From the humid character of the Malabar climate its luxuriant 

Malabar vegetation might be inferred (Plate III, top 
figure) . In verdure it resembles the eastern part 
of the Gangetic Plain and most deltaic regions, but it has loftier 
trees and more palms : the shores are skirted with Coconuts, and 
the villages surrounded with groves of Beted-nut palms and Talipots, 
while Valeria indica, a noble j3iptero(*arp tree, is abundantly planted 
in many parts. Cassia and Cardamoms flourish wild in the jungles 
and tlu? fact that Pox>per can be cultivated without the screens used 
in other parts of India to preserve the humidity, convoys an idea of 
how naturally moist the (!oast region is. It is impossible to demar- 
cate the Malabar region in a botanical sense from the Deccan, for the 
mountains of the Ghats project sometimes far inland and carry a 
flora characteristic of the west well into an area that is gc;ograi)hically 
Deccan. It is one of the botanically richest areas in India, The 
mass of the flora is Malayan and identical with that of Ceylon, and 
many of the species are further common to Khasia and to the base of 
the Himalaya. Teak is abundant but Sandal wood occurs only in 
the cas^ and dry flanks of the ghats. The Cupilifera) and Coniferje 
are wholly unknown in the west. The most distinctive characters 
of the Malabar flora, in contrast with that of the Deccan, are 
primarily the excessive content of Guttiferse, Diptcrocarpaceae, 
Palmas, and^'Bambuseae and secondly the great prominence of the 
Malayan tyi)o rex)rosented by SterculiacoaB, Anacardiaceae, Meliaceae, 
Myrtaceae, Melastomaceae, Scitamineae, Orchidaceae, Aroideae and 
others. As the visitor may possibly wish to see the Nilgiris and as • 
this range forms part of the mountainous backbone discussed under 
Malabar a few notes on it may be of interest. The ravines and 
shady sloj)es jiear the undulating summits are occupied by thickets 
of small trees and bushes like those of Ceylon and they are equally 
characteristic of similar situations in the Khasia mountains. These 
mountains form a noeud of the Western Ghats where they attain 
their greatest elevation of 8,760 feet. They rise precipitously from 
the west to extensive grassy downs and table lands seamed with 
densely wooded gorges locally termed “ Sholas The “ Sholas ” are 

filled with evergreen forest, some of the most conspicuous trees 
being MicJielia nilagirica, Ternstroemia japonica and Gordonia 
obtusa and species of Ilex, Meliosma, Microtropis, Euonymus, 
Photinia, Viburnum, Eugenia, ^ympheos, Glochidion and Araliacece 
and Lauracese are all present. 

Of shrubs Strobilanthes take first place. It is from these that 
the mountains get their name, the expanses of their blue flowers 
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being responsible for the term Nilgiris. Next come speeujs of 
Eurya, Ligustrum and Vernonia. Of (^limbers wo have Bosa 
Leschemiultiaria, Jasminum^ brevilobum, Gardner la ovata, Gym noma 
hirsutum and Elceaymis latifolia. Amongst conspicuous herbs tlu^ 
genus Impatiens is a notable feature while at lower elevations in the 
Sholas ” Hydnocarpus alpina and a Ehododondrdh and Vacciniitni 
stand out. Bamboos are rarer at these heights than is the case at 
similar heights in the northern ranges, but a (Ceylonese ba-mboo 
Oxytenanthera Thwaitesii is found and also an Arundinaria. An 
analysis of the floras of the Nilgiri and of the distant Khasia, 
Manipur and Naga hills shows a striking allinity betvv«iL‘.n the two. 
This is the more remarkable that the floras of intervening raiigi^s 
of mountains do not form satistVictory cftnnecting links. Peat bogs, 
which are of the rarest occurrence in India, are found in depri^ssions 
of the Nilgiri Hills towards their summits. The peat is composed, 
as elsewhere, of Grasses, Sedges, Mosses and Rushes and the bogs 
are the loc^ation of the curious Ceylonese flojlyolis verticillala l)(^sid(is 
of species of Utricular ia, Eriocaulon, Exacum and Commolyna. 
An exotic ele^neiit in the form of Australian gums, which are widely 
planted, mi^t strike every visitor to the Nilgiris. 

The whole ])eninsula south of the Gauges Valk'.y and east of 
^ the Malabar Ghats is characterized bv a plateau 

of medium height from which rise', in a.n west- 
east direction spurs from the Western Ghats and through which 
flow eastward a seric^s of rivers the Godavari, Krishna and (Jau very 
and others draining into the Bay of Bengal. These rivers have 
eaten more or less broad sections out of the ])lateau and u]) these 
sections where cultivation has not disturbed the natural vegetation, 
is to be found a flora more characteristic of the Indian plains, 
especially the western, than of the Deccan in its true sense. Thcj 
plateau terminat(?s in the east in a lower range of hills, the Kastern 
Ghats, the flora of whicih is still mainly Dcjccan, but from here to 
the sea the land falls more or less abruptly into what may bc} called 
the C.^oromandal Sub[)rovinco with a flora distinct in important 
respoeds from that of the true Deccan. Over the ])ec(;an provinces 
deciduous forests are the most conspicaious feature of the plateau 
and comparatively evergreen ones on the coasts and sloy)es with an 
eastern aspect. The Sal (Ehorca) finds its natural southc^rn limit 
near the Godavari, but the Teak (Toxiona) occurs at intervals over 
the whole Deccan area. The Northern Deccan is florist) cally linked 
with the temperate to subtropical floras of the Eastern and Western 
Himalayas. Here are still to be found for instan(;o species of 
Thalictruni and Berberis and it is moist enough for the epiphytic 
Orchids and for such species as Lasianthus laurifolim, Pygium 
OjCuminatnmi Dysoxylum procerum,^Ardisia depressa, Bielschmiedia 
fvgifolia and Cyclostemon assamicus, species that show special 
affinity with the floras of the humid districts of Assam and 
Burma. 
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Of Deccan forest trees there are several hundred species, 
amongst which Sterculiaceae, Meliacea3, Leguminosae, Combretaceae, 
Bignoniaceae and Urticaceae are well repitesented. The Satin wood 
(Chloroxylon), Chikrassia, the Indian Bed wood (Soymida), and the 
Toon (Cedrela) are all important, but the best known is probably 
the Odoriferous Sandal-wood forests of which are to be found in 
Mysore and adjoining districts. Butea frondosa, so common in the 
plains and uplands to the south of the Tndo-Gangetic flat, and 
Cochlospermum gossypium both trees characteristic of areas with 
marked seasonal variations are common throughout, and the same 
seasonal chciracteristic is accentuated in the prevalence of such 
shrubby vegetation as Capparis, Orewia, Flacourtia, Diospyros, 
Flueggia and PhyUanthus. « • 

The herbaceous vegetation has a negative distinction in the 
relative* absence of epiphytic Orchids and of Scitaminese, groups 
that demand shade or all but permanently humid conditions, but 
the common annuals or perennials of the Gangetic Plain extend 
southward into a great part of the Deccan and prominent in the 
herbaceous class arc Acanthaceae, Commolynaceae, Gi^amineae and 
Labiatac. The chief Bamboos are the common Baf^husa arun- 
dirmcea and Dendrocalarmis atrictus and of Palms the commoner 
dates are Phoenix sylvestris, P, acaulis and P. humilie, the Tal or 
Tar Borassus fldhillifer and some Calami. 

Mysore, Carnatic and CoromandaL — The vegetation of Mysore,, 
which cpmes within the use here made of the term De(j(jan, may 
possibly call for special remarks as this State may be visited. The 
vegetation here like that of the Carnatic further south is somewhat 
scanty. The table land is often barren and the hills at best covered 
with a low shrubby vegetation. But towards the west, where the 
influence of the monsoon is felt, the vegetation tends to be similar 
to that of the Western Ghats, the Malabar type,, and considerable 
forests are therefore found. The steep slopes of the Eastern (ihats 
which come normally within the influence of the north-east monsoon 
are also densely wooded, species of Dipterocarpus, Pierocarpus, 
Acacia, Butea, Lagerstroemia, Terndnalia, Nattclea, Diospyros, 
Teciona and Santalum predominating. Few palms are indigenous, 
except in the dense western forest, but all the commoner ones are- 
found in cultivation . The black cotton soils, which prevail over large 
areas in the Deccan, are (diaracterized by an assemblage of indigen- 
ous plants among which the following trees figure : Capparis divari- 
cata. Acacia arabica, Prosopis spicigem, Parkinsonia aculeata and 
Balanites Roxhurghii. Shrubs are Cadaba indica, Zizyphus nummu- 
luria, Cassia auriculata, Calotropis procera, and Jatropha gla.ndulifera 
and herbs Hibiscus trionum, Momordica cymhalaria and Cressa 
cretica. The Coromandal Subprovince carries the Deccan type of 
flora to the sea. Mangroves occur in the estuaries. Elsewhere 
tThickets of thorny evergreen and deciduous trees and shrubs abound, 
but at its southern end the influence of the north-east monsoon i& 
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lost and this part is hot and dry. It is characterized by the umbrella 
shaped Acacia planifrons and by the best Indian Sennas {Cassia), 
Towards the north tra^s of Niixvomica and of Ebony are now 
economically important and the sandy soils of the coast are charac- 
terized by the uprooted masses of Spinifex sqwirrosusy a grass 
distributed by the wind. One introduced plant, ^puntia, is now, 
it would seem, more under control than it used to be. 



EXPLANATION OE PLATE I. 


Fig. 1. — S.-E. of Boya Fort*,’ Waziristan.. 

At the base Nannorhopa ritchimmi H. Wendl. Large trees of 
Olea cuapidaUi Wall, and Monotheca huxifolia Dene. Small bushes 
of Wifhania cootgulana Dunal. 

Reproduced by courtesy of Bombay Nat. Hist. Society. 


Fig. 2. — Portion of a Sal Forest} Darrang Forest Division, Assam. 

« 

Reproduced from Indian Forester^ Vol. XLIII, (1917). 
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Fig. 1, — Typical desert vegetation in Sind. 


Fio. 2. — Himalayan scenery at the edge of the tree line. 
Both illustrations reproduced by C 9 urtesy of Bombay Nat. Hist. Society. 
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EXPLANATION OF PLATE III. 


Fig. 1 . — Typical moist evergreen 


forest, Thatta 


a Kad\ 


ravancore. 


Reproduced by courtesy of Bombay Nat. Hist. Society. 


Fig. 2? — ^A portion of the bed of the Tons River below Jhajra. 

The sandy deposits on the banks of these large streams constitute 
an extensive savannah of Saccharum Munja, 

Reproduced from Indian Forest Memoirs, Vol. I, (1911). 
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EXPLANATION OP PLATE IV. 


Pig. 1. — ^A scene in the Sunderbunds at low^lc. 

A small river giving access to the interior of the jungle, and small 
palms growing out of the mud. 


Pig. 2. — Malancha River during high tide, South Sunderbunds 
near the sea. 

13oth illustrations reproduced by courtesy^ of Bombay Nat. Hist. Society. 
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Introduction. 

The animal populations pf fndia are ' Infinitely %nore varied 
and colourful than its human populations with their innumerable 
tribes, castes, customs and languages. India is a land of contrasts 
with its varied physical and climatological features. It has some 
of the loftiest mountain ranges and low hills and plateaux, im- 
penetrable evergreen forests and scrub-jungles, hill-streams with 
torrential falls over precipitous rocks, and broad and long placid 
rivers with their extensive deltaic and estuarine systems, rich alluvial 
plains stretching for hundreds of miles, and sandy wastes, deserts, 
and uncultivated open tracts of land, lakes, tanks and backwaters, 
and marshy, sandy or rocky coasts. The regular monsoons with 
their well-marked paths distribute their favours unequally so that 
there are regions of very heavy to moderate rainfall and of rainless 

1 In the preparation of this Outline the author has found the following 
works and journals of great help : 1. Fauna of British India, 2. Im^rial 
OazeUeer of India, Vol. I, 3. Journal of the Bombay Natural History 
Sooiety, 4. Journal and Memoirs of thst Royal Asiatic Society of Bengal, 5, 
Record and Memoirs of the Indian Museum, 6. BuUeUns of the Madras 
Oovemment Museum and the Madras Fisheries Department, and 7. Alcook^ 
* A Nalwrtdist in Indian Seas *. 
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Intboduotion. 

The animal populations pf fndia are ‘ Infitiitely "taore varied 
and colourful than its human populations with their innumerable 
tribes, castes, customs and languages. India is a land of contrasts 
with its varied physical and climatological features. It has some 
of the loftiest mountain ranges and low hills and plateaux, im- 
penetrable evergreen forests and scrub- jungles, hill-streams with 
torrential falls over precipitous rocks, and broad and long placid 
rivers with their extensive deltaic and estuarine systems, rich alluvial 
plains stretching for hundreds of miles, and sandy wastes, deserts, 
and uncultivated open tracts of land, lakes, tanks and backwaters, 
and marshy, sandy or rocky coasts. The regular monsoons with 
their well-marked paths distribute their favours unequally so that 
there are regions of very heavy to moderate rainfall and of rainless 

1 In the preparation of this Outline the author has found the following 
works and journals of great help : 1. Fauna of Briiiah India, 2. Jmj^rial 
OazeUeer of India, Vol. I, 3. Journal of the Bombay Natural History 
Society, 4. Journal and Memoirs of the j Royal Asiatic Society of Bengal, 5. 
Records and Memoirs of the Indian Museum, 6. Bulletins of the Madras 
Government Museum and the Madras Fisheries Department, and 7. Alcook4( 
* A Naturalist in Indian Seas ’. 
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tracts. Parts of the country in the higher latitudes are subject ta 
extremes of temperature, while those of the lower latitudes have a 
relatively more uniform climate. Elevations of the land in both 
the latitudes or the proximity of the sea tend to modify the severity 
of the (ilimate to a considerable extent. The character and dis- 
tribution of thet animal communities in India are, therefore, to a 
largo extent dependent on the physical and climatological features 
of the country. It must be remembered, however, that the past 
geological history of the Indian sub-continent and its adjaeent land 
masses has played a considerable part in determining the character 
and distribution of the present fauna. 

With a rich and varied fauna such as India has, any attempt 
to give a general sketch qf the fauna characteristic of India as a 
whole would be attended with little success. The Indian sub- 
region *of the Oriental Region is overlapped by other zoological 
regions in its outlying parts resulting in the penetration of certain 
elements of the fauna from the latter regions into the outlying areas 
of the former. Thus the Eastern Himalayas, Assam and Burma 
whi(ih form the eastern portion of the Tndjian Empirevhave an Indo- 
ChiiH^se and Malayan element in it, while the north-western part, 
including the W. Ifimalayas, the Punjab, Kashmir, W. Rajputana, 
Sind and Baluchistan, has a predominant Palaearctie element. The 
S.W. of India, also known as the Malabar Region, and S.W. Ceylon 
have a closely similar and characteristic hiuna which is rich in 
individuals and endemic species. 

Th6 study of Zoology as a field science in India may bo said 
to date back to the 17th and 18th centuries. To those interested in 
the historical aspect of field Zoology in India the admirable account 
of this subje<?t given by Gravely {‘1922) would bo valuable Within 
the last 25 years much of the field w6rk done in India was officially 
sponsored l)y the Government of India, and unofficially by the 
Bombay Natural History Society among others. Expeditions 
such as those organized by the Cambridge University, the Yale 
University of the United States and others to study the field aspects 
of Zoology in India have been the exception rather than the rule. 
The Universities teaching Zoology in India are taking an increasing 
part in the exploration of local fauna thanks to the interest 
inculcated in post-graduate students for research work. But in 
recent years tlio progress of field Zoology under official auspices 
has suffered a set-back in India owing to the severe curtailment of 
Government grants to promote field work. Marine zoological 
survey work which started so well on the Royal Indian Marine 
Survey steamer ‘ Investigator ’ in the last quarter of the 19th 
century and flourished till 1925 has suffered similarly, first as a 
result of the world war, and lately as a result of the general finan- 
cial stringency in the country since 1931. 


1 Proc. As. Soc. Bengal (N.S.), XVII, pp. cxxxii-cxlvi (1921). 
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In the short space available for this Outline on field zoology 
it will be difficult to give an adequate account of both the V' ertebrat e 
and the Invertebrate fauryi of the Indian Empire. The Birds 
amongst the former, and the Insects among tlie latter have attracted 
much attention because of their great variety and (M)mmon 
occurrence in various situations all over the country, and the fact- 
that the number of volumes dealing with these groups of animals 
in the Fauna of British India series which have hitherto been 
published hir exceeds that of volumes devoted to all other groups 
of animals dealt with in the series is an iiidi(‘at ion of their wider 
appeal to naturalists and others. The depreilations ^c^aused by 
wild animals, and insect and other pests to (Tops and human 
beings and the interegt evinced in bloo(J.-sports by certain classes 
of people in India have stimidated the accumulation of much 
knowledge of the beasts of forest tracts and lesser junglos. A 
consideration of the relatively better known V^ertebrate animals 
of the Indian Empire should more appropriately prec^ede an a(M?oinit 
of the Invertebrate fauna which will be dealt with in relation to 
the types of CTavironment, common in the Empire and the animal 
communities characteristic of them. Although the work of th(> 
" Investigator ' (now of the Royal Indian Navy) in the Indian 
seas has revealed a wealth of interesting decp-wat(u* forms the 
account of the marine fauna in this outline is (ionfined to that 
of the sea-beach between tide-marks and at a depth not ex(j(MMling 
one fathom. The fauna of the estuaries, lagoons and backwaters 
on the various Indian coasts are more or less of the saiftc^ type 
with an admixture of animal forms that are of marine a,s wc^II as 
brackish water origins. The fauna of the fr(^sh-wat(;r systems in 
the different parts of the Indian EiApire includes sf)ecietf and gonei-a 
which are of very wide distribiltion in the Oriental Rc^gion, but tiu? 
few relict marine elements which are present in tlu) rivcTS and lakes 
of India and Burma indi(.'ate the distribution of land and water in 
recent geological periods and the trend of migration of marine 
animals. The animal communities that have estaldislHjd thems(<lv(^s 
in caves, hill-streams, estuaries and desert traces show considerabU*. 
powers of adaptation which their congeners in other localities lack. 

Mammalia. 

Within the Indian Empire the Mammals are of very great 
diversity in form and habits. Certain groups of Mammals do not 
at all occur within Indian limits. Amongst these are the 'Diurkbill 
and Spiny Ant-eater (Monotromata), and the pomdied Mammals 
such as the Kangaroo and the Opossum (Marsupialia). The Camel, 
the Giraffe, the Zebra, and the Hippopotamus amongst the 
Ungulates, and the Seal and the Walrus amongst the Carnivora 
do not belong to the Indian fauna. The Mammals characteristic 
of the Indian Region are discussed below : — 
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Among the Primates the Monkeys are the best known in 
Primates India, being represented by several species 
common in different parts of the country. The 
Simian Apes are represented by two species of Gibbons of the genus 
Hyhhates which are found in the forests of Assam and Burma in 
large parties. The best known Monkeys are the long-tailed Bonnet 
Monkey (Macaca radiata) of South India and the sh6rt-tailed 
Macam mulatta of Northern India, both of which are trained as 
performing monkeys by mountebanks. The Langurs or Hanuman 
Monkeys {Pithecm entellm) with longer limbs and tails are of 
legendary ^ame being connected with the story of the Hindu 
epic, Ramayana. 

The Lemurs are noji so well represented in India as in 
Madagascar. The Slender Loris (Loris lydekkerianus) living in the 
forests »/)f South India and Ceylon, and the Slow Loris (Nycticebus 
ccmcang) living in the forests of Assam and Burma are the best 
known representatives of this group. 

The terrestrial Carnivores of the Indian Empire include : 

. (1) the Cat group, corisisting of the cats, civets, 

^ mongooses, and hyaenas, (2) the Dog group, 

consisting of the dogs, jackals, wolves, and foxes, and (3) the Bear 
group, consisting of bears, badgers, martens, weasels and racoons. 
No true aquatic Carnivore occurs in the Indian Region. 

The CaUgroup : Large Cats. — ^The Indian Lions (Panthera leo 
persica) were, within historic times, found in North and Central 
India, but at the present day they occur only in the Gir Forest of 
Kathiawar peninsula covering an area of about 500 square miles 
of rugged undulating country of stunted trees, bamboo, and thorny 
shrubs and bushes. They are protected by game-laws within the 
Junagadh State of Kathiawar. The Tigers (Panthera tigris) live in 
India under varying environmental conditions such as the winter 


snows of the Himalayas up to an altitude of 10,000 ft., the humid 
ever-green forests, the dry open jungles, and the swamps consisting 
of grass and trees. They are absent from Ceylon where their 
place is taken by the Panthers. Of these latter (Panthera pardus) 
there are three races and varieties in the Indian Region differing 
in the colour and texture of the fur coat, e.g., the Kashmir Panther 
(Panthera panthera millardi)^ the Sind Panther (Panthera panthera 
sindica) from the barren Kirtar hills of the Sind-Baluch frontier. 


and the Indian Panther (Panthera panthera fusca) whose range 
extends from the Himalayas to Cape Comorin and Ceylon. They 
thrive equally in the humid rain-swept forest and in the dry treeless 
tracts. The beautiful Snow-Leopard (Uncia undo) is an inhabitant 
of the Himalayan ranges at altitudes varying from 6,000 to 18,000 
feet above the sea level. The Cheetah or Hunting Leopard 
(Acinonyx jubatus) is almost extinct in the wild state, although 
it had once a wide range in the plains of North India. It is usually 
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found in low rugged country bordering the plains amongst rocks 
and boulders. 

Srmll Cats, — ^The typical Cats (Felime) are represented in India 
by a number of small and mVlium-sized forma. The common Wild 
Cat of India, the Jungle Cat {Felis chaus affinis)^ is found in tlie 
drier parts of the Indian Empire where grass, scrub, er reeds abound, 
while the Desert Cat {Felis omata) is found in the (hjserts and arid 
parts of N.W. India and in the eastern parts of the Central Province. 
The true Lynx {Lynx lynx isahellina) 0(?curs in the Indus valley 
and Ladak, while the Caracal {Lynx caracal) or Siyali Gosh which is 
trained to hunt is common in the desert and scrub jim^o of Sind, 
Cutch, and the drier parts of the Punjab, Rajputana, United 
Provinces, and Centr^il India. The Leopard Cat {Prionailurns 
bengalensis) is an inhabitant of the over-green or mixed forests of 
India and Burma while the Rusty-spotted Cat {Prionailurii^ ruhi- 
ginosus) is common in the hill-forests and jungles of South India 
and Ceylon. The Fishing Cat {Prionailnras viverrinus) lives in 
heavy forests, scrub jungle of the Himalayan foot-hills, Ceylon 
and Burma, in grass swsijmps and reed-beds of rivers and tidal 
crooks of Bengal, United Provinces and Sind, and in the backwaters 
of the Malabar coast. The Marbled Cat {Pardofelis rnarmorata) 
is a forest-dweller of arboreal habit in tlie Eastern Himalayas, 
Assam and Burma. The Golden Cat {Profelis ternmincki) has a 
similar range. The Sabre-toothed Clouded Leopard {Neofelis 
nebulosa) inhabits trees in the ever-green forests of Sikkim, Bhutan, 
Assam and Burma. • 

Civets. — ^Tho Large Indian Civet {Viverra zibetha) is found 
amongst bushes, thick grass or heavy scrub jungle in Nepal, Sikkim, 
North Bengal, Assam and Burma.* The secretion of Jts perfume 
gland is reputed to have valuf^blo medicinal and aphrodisiac pro- 
perties. The other Civets are the Largo Malabar Civet {Moschothera 
civettina) confined to Travancore and Cochin, the Burmese Civet 
{Moschothera megaspila) of South Burma, and the smaller Indian 
Civet {Viverricula indica) with several local races widely distributed 
in the Indian Empire. They live in holes underground or under 
rocks and bushes, and climb trees. The truly arboreal typical 
form of Palm Civet or Toddy Cat {Paradoxurus hermaphro- 
d-itus), so called from its habit of drinking toddy tapped into pots 
on trees, is known from India south of the Narbatla River and 
from Ceylon. It sometimes enters human dwellings. Other 
Palm Civets are the Brown Palm C'ivet {Paradoxurus jerdoni) 
from the hill-ranges of South India, and the Chinese Palm Civet 
{Paguma larvata) from the mountain forests of Kashmir, Punjab, 
Nepal, Assam, Burma and the Andamans, said to live in tree- 
holes. The Binturong or Bear Cat {Arctictis binturong) with a 
long prehensile tail used in climbing has miuih the same range as 
the preceding species and leads an arboreal life in dense forests.* 
The Spotted Tiger Civet {Prionodon pardicolor) and the White* 



FIELD SCIENCES OF INDIA. 


9Q 

eared Palm (^ivet (Arctogalidia leticotis) are also arboreal forms 
living in Assam, Sikkim, and Burma. 

Mungooscs. — There are several species of Mungoose living in 
forests, cultivated tracts, plantations, swamps, and the banks of 
rivers and streams. The common Indian Mungoose (HerpeMes 
edwardsi) with tvarious colour races and kept by itinerant snake- 
charmers and mountebanks is widely distributed in India. It 
lives in forests, in cultivated areas, taking shelter under rocks and 
boulders, in holes underground, in deserted Termite-mounds, and 
in human dwellings. The smaller Indian Mungoose (Herpesten 
auropuncUftus) living in underground burrows is restricted to 
Northern India. The Ruddy Mungoose [Herpestes smithii) is 
restricted to forest areas ip Central and Western India and Ceylon. 
The large Stripe-necked Mungoose (Herpestes vitticollis) is common 
in the<rhills of S.W. India and Ceylon and in the swamps and rice- 
fields of the Wynaad. The equally large Crab-eating Mungoose 
(HerpeMes urva) lives on the banks of rivers and streams at low 
elevations in the S.E. Himalayas and in Assam and Burma. 

Hyaena. — ^The Striped Hyaena (Hygena hycLena) is an inhabi- 
tant of the drier parts of peninsular India among rocky hills and 
jungles. It docs not occur in Ceylon or Burma. 

The Dog ‘group. — The Dog-group consists of two species of 
wolves, one of jacial, two of wild dogs and five of foxes. A race 
of the European Canis lupus is found in the Punjab and Sind, 
while the smaller Indian Wolf, Canis pallipes, occurs throughout 
the Indian peninsula. Neither wolves nor foxes are known from 
Ceylon and Burma. The Indian Jackal (Canis indicus) is one of 
the commonest animals iii India at dusk in the vicinity of towns 
and villager with its familiar R*)ng wailing howl and short yelps. 
Some, at any rate, of the domestic^ dogs are derived from the wolves 
and jackals, and the jackals are known to breed freely with dogs. 
The wild dogs (Cuon) are forest animals occurring in the well- 
wooded parts of India and Burma. The commonest Indian Fox, 
Vulpes bengalensis, which lives in all open parts of the country, 
ranges from the Himalayas to Cape Comorin and from 8ind to 
Assam. 

The Bear-grcmp : Martem, Weasels and Otters, — The Indian 
Marten (Maries flavigula) is an inhabitant of the forests of the 
Himalayas and of the high hills of Burma. A dark form of this 
species occurs in the hills of South India. Weasels (Mustela sub- 
hemachalana) have a similar range. Amongst Badgers the best 
known is the Indian Ratel (Mellivora indica) found on river banks 
and in the hilly districts of peninsular India, but does not occur 
in Malabar, Ceylon and Lower Bengal. Of the Otters, the com- 
monest is Lutra lutra living in rivers, tanks, and backwaters of 
‘India. The smaller Clawless Otter (Aonyx) inhabits the Himalayas 
and the eastern parts of the Empire, and the higher ranges of hills 
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in S. India. Others are tamed by the fishermen of the Sunderbans 
and Sind to drive fish into their nets. 

Bears. — The (^at-bear,^or Himalayan Racoon (Ailurus fulgens) 
is met witli in the forests of Nepal, Sikkim and the Eastern 
Himalayas. The Kashmir Brown or Isabelline Boar (Ursus 
isabellinus) occurs in the higher W. Himalayas* above the tree- 
line. The Indian Sloth Bear (Melursns ursinns) inhabits bush and 
forest jungle, and hills, eaves, and ravines of the Indian peninsula 
from the foot-hills of the Himalayas to Cape Comorin and Ceylon. 
The Shrews are well represented in India, l^urma and the Bay 
Insectivora islands. The Tree-shrew (Tupain helangeri) 
occurs in the tree-forests of Burma, Assam, and 
the lower Himalayas*. True Hedgehogs (Pa/YPcAm//.v micropus and 
HemiecMnus collaris) occur in the sandy plains of North-West 
India. Of the Moles, Talpa micrura is common in the filrests of 
Nopal, Sikkim, Assam and Burma. The best known of Indian shrews 
is the Grey Musk Rat (Crocidura ccerulen) (*los(^ly associated with 
human habitations. Among the water shrews living on the banks 
of streams of the Himthlayan, Sikkim and Burmese forests are 
Chinuirrogale himalayim and Nedogale sikkimensis. I'he Elying 
Lemur {Galeopterus penimulce) occurs within Indian limits only 
in the forests of S. Tenassorim, Burma. 

Bats. — Of the Chiroptera or Bats, no less than .‘12 genera and 
ChiroDtera species have boon recognized. We have*. 

^ space to mention only the most comijion and 

widely distributed forms in India su(*h as the Indian Fruit- bat or 
Flying Fox (Pteropus gigantem) hanging in hundreds from branches 
of large trees, the insectivorous bats with nose-leaves such as 
Rhinolophus affinis of the hill-tracts of India, Jbirmjif and Ceylon, 
the Indian Vampire Bat {Megaderma spasma) living in (^avc^s and 
old buildings and fceding on other bats, frogs, and insects, thc^ 
common Yellow Bat {BcotopMlus kuhli) living in temples, sheds and 
old dilapidated buildings all over India, and the Painted Bat 
{Kerivoula picta) often found on plantain treses. 

There are no less than 40 genera and 130 species of Rodents 
Rodentia comprising squirrels, marmots, jerboas, rats 

and mice, porcupines and hares in the Indian 
Region. It is imf)ossiblo to mention in this Outline more than a 
few of the commonest species occurring in it. 

Squirrels. — ^The Flying-squirrel (Petaurista oral) lives in holes 
of trees. Of the ordinary Scjuirrels, Batufa indiai inhabits high 
trees in forests throughout |)eninsular India, and the (jommon 
Striped Squirrel (Funamhulus palmarum) lives in the more open 
cultivated parts, and in or near human habitations. The (iosely 
allied Marmots are inhabitants of /he bleak regions of thes higher 
Himalayas, and Marmota himalayana is the best known example. ^ 
Jerboas. — Within Indian limits the Jerboa (Alactagulus indicus) 
is known only from the plains south of Quetta at an elevation of 
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6,000 feet above the sea-level and from the N.W. Frontier where it 
lives in burrows. The Malabar Spiny Mouse (Platacanthomy» 
hsiurus) lives in hollows of trees in ^^oorg, Anamalais, and the 
Malabar and Travancore hills. 

Bats, Mice and Bandicoots^ — ^The only Indian Gerbille is 
Oerbillus gleadoioi from Sind and Thar deserts. Of the stout 
Bandicoots which are associated with human habitations and 
cultivated tracts and cause considerable damage to crops, etc., the 
best known are Bandicota eliotana and B. malaharica, the North and 
South Indian representatives respectively of the genus. 

The Coarse-haired Bush-rat (Golunda ellioti) is also repu*tod 
to be destructive to coffee and other plantations in peninsular 
India. The common Indir.n Rat {Batins ratius) is the widely dis- 
tributed, probably indigenous, representative of the genus, while 
B, deenmanus is the imported Euro|)ean Black Rat common in 
Indian ports. The genus Mus includes species of House-mice 
which are Palaearctic in distribution but have been helped by the 
human agencies of trade and commerce to spread themselves in the 
Oriental Region. The Long-tailed Tree-mouse ( Vanddeuria oleracea ) 
inhabits trees and shrubs and oven houses in nearly all parts of 
Northern India. 

Porcupines, — ^The best known Indian Porcupine {Acanthion 
hucura) lives in caves amongst rocks, in burrows on rocky hill- 
sides or river-banks all over India and Ceylon, while the Brush- 
tailed Porcupine (Atherurus macrourus) lives in the forests of Lower 
Burma. 

Hares. — ^The Long-eared common North Indian Hare (Lepus 
ruficaudatus), and the black South Indian, Lepus nigricollis, live 
in waste lands amongst gras# and bushes. The Mouse-hares 
(Lagomys) haunt rocky situations or pine forests of the higher 
ranges of the Himalayas. 

The Ungulates constitute a very important group of animals 

u ij \ 2 Lt Indian economic life. The hoofed forms 

® include the Elephant, Rhinoceros, Tapir, Horse, 

Cattle, Deer and the Pig which fall within four well-defined groups. 
They are ground dwellers, and barring a few, the majority of them 
are slender-limb(?d and fleet-footed in keeping with their habitat 
in open tracts where their enemies in pursuit are outdistanced by 
their speed of progression. 

Even4oed Ungulates. — ^The Pecora or typical ruminants in 
India consist of wild and domestic cattle, sheep and goats, ante- 
lopes, gazelle and deer. Of these, all but the last are hollow- 
horned. 

Cattle. — ^The Gaur or Indian Bison {Bibos gaurus) is essentially 
an inhabitant of the mountain|( and the larger hill-forests of India 
and Burma, while the Gyal {Bibos frontalis), a cross-breed between 
the bull Gaur and the domestic cattle, is found in the mountainous 
tracts of Assam and Burma (Plate V). The Banting or the Wild Ox 
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of Burma (Bibos hanteng hinmmicus) prefers the undulating or flat 
country or the lighter forests of Burma to hills. The Yak 
(Poephagus grunnims) does .not strictly belong to the Indian fauna, 
being found only in the desolate mountains of the Tibetan plateau. 
The Indian Wild Buffalo (Bubalis bubalis) inhabits mainly the 
plains of the Ganges and Brahmaputra, the graSs jungles of tlu^ 
Terai and Orissa and the eastern parts of Central Pi ovinc;e. 

Sheep and Goats. — The Wild Sheep or Oorial (Ovis vignei) 
has a varied habitat, from open valleys, hill-sides and grassy 
slopes in Ladak to rocky scrub-covered or barren hills of tlu^ 
Punjab, Sind, and Baluchistan. The great Tibetan Sheep (Ovis 
ammon hodgsoni), an inhabitant of the Himalayas, occasionally 
strays into Nepal, Rumaon, and Sikkhu, while the Marcopolo’s 
Sheep (Ovis ammon poli) lives in Hunza, Kashmir. The smooth. 
Round-horned Bharal (Psevdovis nahoor) lives in the ri(‘h grass 
lands between tree- and snow-line of tlie Himalayan ranges iu 
Ladak, Nepal and Sikkim. The Sind Wild Goat (Capra hi reus 
blythi) with its long scimitar-like horns lives in the barrtm hills 
of Baluchistafl and W. Sind which are covered with stones and 
cactus, while the Markhor (Capra falconeri) with its spiral horns 
inhabits the most broken and precipitous country of the Suleman 
range and the mountains of Kashmir. The Asiatic Ibex (Capra 
sihirica) lives in the W. Himalayas above the treo-li?ie. The 
Tahr, wild goat of the genus Hemitragus, inhabits the ro(‘ky forests 
of the southern slopes of the Himalayas and the open cljffs and 
precipitous slopes of the Western Ghats and Nilgiris living on gnuss 
growing between rocks or on adjacent grass downs. I'lie Serow, 
Goral or Takin, also called the Goat-antelopes (Rupicaprina)) 
because of the intermediate pojjjition they occupy between the goats 
and the antelopes, live in the thickly wooded parts of the Himalayas 
and in Burmese hills. 

Antelopes. — ^The Antelopes (Antilopinss) are ruminating 
Ungulates representing a transition between the oxen and the 
goats, and the only representative of this group in India is the 
Black Buck or Indian Antelope (Antilope cervicapra) with its 
beautiful spirally twisted horns which lives in scrub-covered or 
(uiltivated plains all over India except thc^ Malabar (*oast. The 
Chinkara or Indian Gazelle (Gazella benneWi) is also an inhabitant 
of thin jungle or desert of the plains. The Nilgai or Blue Bull 
(Boselaphus tragocamelus) living in the open jungles or the hilly 
regions south of the Himalayas (except East Bcuigal, Assam and 
Malabar coast), and the four-horned Chousingha (Tetraceros qnadri- 
cornis) with its peculiar glands on the hind false hoofs inhabiting 
the foot-hills of the Himalayas and the hill-tracts of peninsular 
India are representatives of Tragelaphine antelopes. 

Deer. — ^The Deer are represented by several species. The? 
Musk Deer (Moschus moschiferous) is a form intermediate between 
the antelopes and the deer, without horns but with strongly 
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developed canine teeth, gall-bladder, and a musk gland beneath 
the skin of tlie abdomen in the male, and lives above the pine 
zone of Kashmir, Nepal and Sikkim. ,The Muntjac, Rib-faced or 
Barking-deer (Muntiacus mimlijak) is found all over India and 
Burma in more or less thick jungles. The Chital or spotted deer 
axis) is cdnfinod to India and Ceylon inhabiting the forests 
of Himalayan foot-hills and the more or less open jungles of Terai, 
Central Province and South India. The Hog-deer {Hyelaphtis 
porcinns) lives in grass jungles of deltas, river-banks, and plains of 
N. India, in the scrub-jungle of Sind, and amongst the mangrove 
formationsi»in Burma. The Indian Sambar Deer (Rusa unicolor) 
has a wide range in the Indian Empire and lives in forested hilly 
tracts not far from cultivation. The Swamjp Deer or Barasingh 
(Rucervus duvaucelU) lives in marshes of the Terai and the 
Sundei^ans and in the grassy plains of Central and United Provinces 
and of Assam. The Indian Chevrotain or Mouse-deer {Moschiola 
meminna) is a true ruminant without antlers, and, as its name 
indicates, is of very small size usually under 12 inches in height ; 
it lives in grass-covered rocky hill-sides or in forests 'of Central and 
Southern India. There arc two Burmese species, Tragula canescens 
and T. IcanchiL 

Boars and Pigs. — ^The Indian Wild Boar {Sus cristatus) is 
widely distributed in the Indian Empire and lives in grassy jungle 
tracts or in forests. The smaller Andaman Pig (Sus andamanicus) 
is pecujiar to the forests of Andaman Islands, whore it is seen in 
groups on the coastal fringe of the islands. The Pigmy Hog 
(Porcula salvania), only 12 inches high, is known only from the 
forests of the Himalayan foot-hills in Nepal, Sikkim, Bhutan and 
Assam. ^ ‘ 

Odd-toed Ungulates. — ^The Odd-loed Ungulates (Perissodactyla) 
are represented by the Horse, Rhinoceros, and Tapir. The horse 
family has within Indian limits only two species, the Kiang (Equus 
kiang) which lives in the open table-lands of Ladak, and Ghor- 
Khar or Indian Wild Ass (Equus onager indicus) wliich inhabits 
the plains and desert zones of Cutch and the areas west of the 
Indus. 

Rhinoceroses. — ^The great Indian One-horned Rhinoceros 
(Rhinoceros unicornis), once widely distributed along the base of the 
Himalayas from Peshawar to Assam is at the present day confined 
to the part of Nepal east of the Gandak river and to Assam. It 
lives in swamps and grass-land and in the jungles of low hills. The 
smaller one-horned Javan Rhinoceros (R. sondaicus), an inhabitant 
of tree-forest up to an elevation of 7,000 feet, once abundant in 
Bengal, Assam and Burma, is probably at present confined to 
Malaya and Java. The Two^homed Rhinoceros (22, sumatrensis) 
was in former times common in the hill-forests of Assam and Burma, 
T)ut is at the present time confined to certain districts of Burma. 

Tapirs and Elephants. — ^The Tapir \Tapirm (Acrocodia) 
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indicus] is rare within Indian limits and occurs in Uie dense forests 
of South Tenasserim in Burma. The Indian Elephant {Elephas 
waximus) frequents hilly or undulating country covered with tall 
forests and thickets of bamboo all over the Indian Region, parti- 
cularly in Mysore and Burma. It 'does not, as a rule, breed in 
captivity, but a few instances of such breeding are* known in Burma 
and in the Andamans. 

The Scaly Ant-eaters are represented in the Indian Empire 
- by three species, e.^., Manis crassicaudafa, the 

^ ^ Indian Pangolin, from the foot-hills of the 
Himalayas to Cape Comorin, M. aurita, the Chinese Pijngolin from 
E. Himalayas, Assam and Burma, and M. javanim, the Malay 
Pangolin, from Bengal and Burma. i\ll of them live in burrows 
dug by themselves or amongst rocks. 

Of the truly aquatic mammals living within Indian lin^ts there 
Cetacea species. The Gangetic Dolphin 

^ {Platanista gangetica) lives in the muddy waters 

of the rivers, Ganges, Brahmaputra and Indus, and of their 
tributaries and tidal crqpks, but is not known to enter the sea. 
It has rudimentary eyes and is quite blind. The large Right Whale 
(Balmnoptera indica) is sometimes reported as having been seen 
in the Bay of Bengal and Arabian sea by sailors. Several animals 
have, however, been stranded on the coasts of Burma, Ceylon, 
Malabar, Sind and Baluchistan. The Si:>erm-Whale or Cachelot 
(Physeter macrocephalus) is found generally in largo herds in the 
open sea in the Bay of Bengal and round Ceylon. An i Adi vidua 1 
of this species was stranded at Madras in 1890. The smaller Sperm- 
Whale (Cogid hreviceps) is also reported to live in the Indian seas, 
and a young specimen was captared at Vizagapataiu on the oast 
coast. The Indian Pilot Wttale {Ghbicephalus indic/us) has been 
observed only once in brackish water of the Salt Lakes, Calcutta, 
in 1852. Of the porpoises, the Indian form {Phoccena phoccenoides) 
occurs generally in tidal rivers such as the Hughli at Calcutta, and 
in shallow waters along the Indian coasts and the Bay Islands, 
while Orcella hrevirostris occurs in the Bay of Bengal. OrcelUi 
fluminalis is found only in the Irrawady River, Burma. The 
Dolphins of the genera La^enorhynchus, Steno and Delphinns 
have only occasionally been found along the coasts of India, Burma, 
Ceylon, and the Andaman and Nicobar islands. 

The Dugongs, once fairly common, have become very rare along ^ 
Sirenia Indian coasts. Halicore dugong, the Indian 

Sea-cow, has been observed on the coasts of 
Malabar, Gulf of Manaar, Andaman Islands and the Mergui 
Arc^hipelago. 

Avf,s. 

The Birds of the Indian countryside, jungles and hill-traAs 
are of considerable interest from the point of view of their 



102 , 


FIELD SCIENCES OF INDIA. 


variety and distribution. No less than 2,300 species and sub- 
species of Birds have been recognized. They belong to the 
many different habitats dealt with in connection with Mammals, 
Reptiles and Batrachia. Some species‘are resident in the Indian 
Region while others are visitors from the colder northern latitudes. 
The latter are therefore found in India during the winter months. 
Some of the most notable among the winter visitors are the 
Jackdaws, Rooks, Starlings, Martins, Cranes, Gulls, Pelicans, 
Swans, Terns, Curlews, etc. Some families of Birds include 
both resident and migratory species. Within the space available 
for the pre|ent Outline of the Indian fauna it is impossible to 
mention more than a few families of Birds which are of common 
occurrence in the Indian,^ Region. The Piisserino or Perching 
Birds constitute a vast assemblage of very closely interrelated 
species forming nearly a third of the total number of known 
species and subspecies. 

Crows, Thrushes and Bulbuls, etc . — The Ravens, Crows, Rooks 

Passeres Jackdaws are included in the Crow-family. 

The Jungle-crow (Cor^^us coronoides) and the 
ubiquitous House-crow {C. spU'ndens) have a wide range from the 
Himalayas to Capo Comorin and Ceylon. The latter species is closely 
associated with human habitations in village, town or city. The 
Jackdaw and Rook are winter- visitors to N.W. India. The Indian 
Magpies (Cissa) are birds of beautiful plumage and red bills found 
in forests. In the plains the Tree-magpies (Dendrocilta and CrypU 
sirhina) hre common. The Titmouses (Paridae) which are closely 
allied to the crows are found all over the Indian Empire. The 
Indian Parrot Bills and Suthoras (Paradaxornithidae) are gregarious 
birds of the feigher altitudes in E. Himalayas, Assam and Burma. 
The Nut-hatches (Sittidae) are small Hatey-bluo birds which climb 
up sterns of trees and surfaces of rocks and are mostly confined to 
the hills. The Thrushes and Babblers (Timaliidae) are gregarious 
ground-feeders, the majority of which are Himalayan, Assamese 
and Burmese, but one species (Pyclorhis sinensis) has a wide dis- 
tribution in India and Burma. The Bulbuls (Pycnonotidae) are 
common all over India in gardens, cities and towns, but some are 
forest dwellers in the Himalayan and Burmese regions. Those 
with bright yellow or crimson tail coverts (Pycnonotus, Otocampsa 
and Molpastes) are some of the commonest Bulbuls of the plains. 
The Dippers (Cinclidae) with special adaptation for a more or less 
^aquatic life inhabit the rapid streams of high altitudes. The Short- 
wings, Chats, Forktails, Robins, true Thrushes with squamated 
plumage in the young inhabit the high hills, or the open, barren and 
cultivated tracts of India, Burma and Ceylon. 

Fly-catchers, Drcmgos, etc . — ^Tho Fly-catchers (Muscicapidae) 
are both resident and migratdry birds. The beautiful Indian 
Paradise Fly Catcher (Tersiphone paradisi) frequents gardens, light 
forests, open country near villages and feeds entirely on the wing. 
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The Shrikes (Laniida)), the Minivots (Pericrocotidse), and the 
Drongos (Dicruridse) are all closely allied families. The last-named 
(also called King-crows) are among the most common of Indian 
birds with. glossy plumage *aiid long forked tail and with musical 
voices. Like the Fly-catchers they ‘also catch insects in the air. 
The Warblers (Sylviidae) are small plain-phmiaged birds of migratory 
or resident habit. They include the Tailor-birds (Orthotomus) 
well-known for their habit of sewing two leaves together with a 
piece of grass as a receptacle for their nest. The Yellow or Black 
Orioles (Oriolidffi) live in the plains as well as on the hills, the best 
known and widely distributed species being the Indian Golden 
Oriole (Oriolus oriolus kundoo). The Mainas of the ftimilies Eula- 
betidae and SturnidaQ are also commop throughout tlie Indian 
Region. The Indian Grackle (Eulahes javana intermedia) and the 
common Maina (Acridothere^ trislis tristis) are familiar birdiji. The 
former is a favourite cage-bird in Assam and Burma because of its 
long life and extraordinary powers of mimicry of human voice. 
The latter is also used tus a pet. The Weaver-birds (Pleceidae) are 
also common ii^ the Indian Region. Their curious flask- or retort- 
shaped grass nests on the leaves of date-palms, or on the branches 
of Acacia and other trees, or on bushes are a common enough 
feature of the country side. The Finches (Fringillidae) are mostly 
migratory birds, but the Indian House-sparrow (Pa88e;r dornesiicus) 
with its three distinct races is the commonest species throughout 
the Indian Empire. 

Swallows and Larks, etc. — ^The Martins and the true S\vaUows 
(Hirundinidae) are both resident and migratory birds. Some of 
them are Himalayan while others are widely distributed. The 
migratory species when they visit India in winter from the northern 
latitudes spread gradually over the Indian peninsula and Ceylon. 
The Wagtails and Pipits (Motacillidse) and the Larks (Alaudidsc) 
are widely distributed within Indian limits. The Bush and the 
Sky Larks are the best known, and the Desert Lark is found only 
in the Indus plain. Tlie Indian Ruby Cheek (Chalcopariidse) 
of low altitudes in the Terai, Sikkim, Assam and Bengal builds 
curious pear-shaped dome-like nests with the black fibres of certain 
ferns. The Sunbirds (Nectarinida?) are of small size with a slender 
bill and a bright metallic-tinted plumage in the male. Some are 
widely distributed while others arc restricted to hill-forests. The 
Flower-Peckers (Dicajidse) are small forest birds frequenting the 
tops of high trees and found throughout the Indian region. The 
small beautifully coloured, broad- and flat-billed birds of Burma 
(Broadbills — Eurylaimidse) live in small flocks among high trees. 

There are several species of non-migratory Wood-Peckers 
(Picidie) living on the hills or in well-wooded 
orac ormes. country, but the two commonest species arc the 
golden-backed Brachypternus henghalensis and the yellow-fronted 
pied Leiopicus mahrattensis. The Barbets (Capitonidse) arc well- 



104 


FIELD SCIENCES OF INDIA. 


represented in India. Most of the species are grass-green in 
colour and frugivorous in habit. The best known Indian Barbet 
is the copper-smith bird, Xantholcema hcemacephala', whose distinc- 
tive metallic monotonous call may be heard in most Indian 
gardens. » 

Cuckoos and Parrots, etc. — ^To the Cuckoo family (Cuculidse) 
belong the Indian Brain-fever Bird (Heirococyx varius) with its 
monotonous call-note in the hot season, the well-known mimic 
(Surviculus) of the common Black Drongo-shrike or ‘ King-Crow 
and the Indian Koel {Endynamis scolopaceus). The last named is 
mdely distributed in India and Ceylon except in the very dry 
regions and is parasitic on the Corvid® laying its eggs in the crow’s 
nest. The Parrots or Paroquets (Psittacid®) with long tails and 
green plumage are another common feature of the fndian Region. 
Psittuciila krameri, the Rose-ringed Paroquet, is the commonest 
of Indian species inhabiting all open well-wooded country in the 
vicinity of human habitations. The Rollers or Blue Jays (Coracaid®) 
are common throughout India in gardens, villages and on telegraph 
wires alongside railways. The King-fishers (Alc%?dinid®) with 
black and white, green and blue, or violet and chestnut plumage 
are another common feature of Indian bird-life. The best known 
species are Ceryle riidis (Red King-fisher), Alcedo aithis (Common 
King-fisher), Halcyon swyrnensis (White -breasted King-fisher), 
and Entomothera coromanda (Ruddy King-fisher). 

Hornbills, Hoopoes and Swifts. — ^The Hornbills (Buccrotid®) 
are typical Indian birds. The female during incubation remains 
enclosed in a built-in hollow of a tree and is fed by the male. The 
smaller species, like Lophoceros hirofitris (common Grey Hornbill), 
prefer the Qpen country to forests, while the larger species like 
Dichoaeros hicornis (the Great Hornbill), Hydrocissa malabarica 
(the Pied Hornbill) and Aceros nepalensis (the Rufous-necked 
Hornbill) inhabit evor-green or deciduous forests. The Hoopoes 
are both migratory and resident birds, the Indian Upupa^ epops 
orienfalis being found throughout India. The common Swifts, 
and those which make the well-known edible nests {Micropus afjinis), 
the Palm Swift (Tachornis batasiensis), and the Edible Nest Swiftlet 
(Collocalia unicolor) arc among the best known Indian species. 

O^vls. — The Owls, the Nightjars or Goat Suckers, and th€> 
Frog-mouths form a group of closely allied and widely clistributed 
families. 35 species of owls are known from the Indian Region. 
The Indian Barn Owl {Tyto alba javanica), the Brown Fish Owl 
(Ketupa zeylonensis), the Great-horned Owl (Bubo bubo bengalensis), 
the various forms of Scops Owls (Otus hakkamoena), and the Spotted 
Owl {Athene brama brawn) are among the best known forms. 

Diurnal Birds of Prey. — ^The Diurnal Birds of Prey form a 
AcclDltres compact gr6up of 3 families containing the 
• Ospreys, Vultures, Falcons, Hawks, Kites, Eagles 

and Buzzards including no loss than 74 species. On the sea-coasts 
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or on large inland waters of India the Osprey (Pandion hnUcefus) 
is a winter visitor. Of the Vultures, tlie long-billed Gyps indicus 
and the white-backed Pseudogyps heugahnsis occur practically 
throughout India and Burma. The Falcons include species with 
wide or restricted distribution some of which are of migratory 
habits. The best known of Indian Falcons and Jiagles arc Falco 
paregrinus peregrinator and Aquila rapax vmdhiana. The Hawk- 
eagles are inhabitants of forests, while the Crested Serpent-eagle 
{Spilornis cheela cheela) is a soaring bird of the forests and plains. 
The white-bellied Sea-eagle( Haliceetus leucogaster) is common on the 
coasts of India, Ceylon and Burma and ascends tidal rivers to great 
distances inland. Amongst the widely distributed and well-known 
kites are the Brahmir\y kite (Haliastur Indus indus) and the common 
Pariah kite {Milvus migrans govinda). The Indian Shikra (Astur 
bmlius dussumieri), one of the true Hawks, occurs throughoyt India 
in groves and orchards and is tamed for hunting Quails and other 
small game birds and even Crows and Herons. The Indian Crested 
Honey-buzzard (Pernis ptilorhynchus ruficollis) is not uncommon in 
the plains of .India. It^feeds on bees and their products, small 
frogs, reptiles, birds and mammals. 

Pigeons, Doves and Sand-grouse. — The Pigeons and Doves are 
common in all parts of the Indian Empire. The 
^ ^ Green pigeons (Treroninac) live in flocks in forests, 

and among trees in towns and villages. The 
large-sized Imperial Pigeons (Duculina)) of dark-green coppery 
brown or grey plumage keep to the forest tracts of India* Burma 
and the Andamans. The Nicobar Pigeon (Caloemis nicobarica 
nicobarica) with long metallic hackles on the neck is an inhabitant 
of the Bay islands and is a ground-feeder. The ^rue Pigeons 
(Columbinae), some of which ate winter visitors, include the Indian 
Blue Rock- pigeon (Golumha livia intermedia), the Wood- 
pigeons (C. palumhus) and the Stock-pigeons {C. oenas). Some of the 
Doves are resident and others arc migratory. The best known 
species with a wide distribution are the Rufous Turtle-dove, the 
Spotted-dove, and the Ring-dove of the genus Streplopelia. The 
Indian Emerald-dove {Chalcophaps indica indim) is a forest l)ird 
living on grains, fruit and termites. It is known to haunt salt- 
licks in Ass«am. The Sand-grouse which occupies an intermediate 
position between Pigeons and true Game-birds is found chiefly 
in open desert or dry broken country feeding on the ground and 
drinking water at definite hours of the morning or evening. The * 
common Indian Sand -grouse (Pt.en)cles exustus erlangeri) and the 
Painted Sand-grouse (P. indicus) are among the best known forms. 
Land Game-birds. — The true land Game-birds (Gallina^) include 
Gallinse • Jungle-fowls, the Pheasants, 

Partridges, Quails and the Megapodcs and are 
represented by 64 species. Pea-fowls are met with throughout 
India in a wild and domesticated state. The best known Pea-fowl 


Gallinse 
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is Pavo cristatus. The Argus Pheasants (Argusianus argus) are con- 
fined to Tenasserim in S. Burma, while the Peacock Pheasants 
{Polyplectron bicalcaratum) are common in the forests of the Lower 
Himalayas, Assam and Burma. Of t*lie true Jungle-fowls, the 
common Ked Jungle-fowl (Gailus hankiva miirghi), from which all 
domestic fowls are derived, is distributed as far south as Godavari 
River, while the Grey Jungle-fowl {G. sonneratii) is found in Central 
and South India, and G. lafayettii in Ceylon. In the Eastern 
Himalayas, Assam and Burma occurs a large variety of Pheasants, 
Quails, Koklas, Monals, and Partridges some of which have a wide 
range of distribution. The Megapodes (Megapodim nicobariensis 
nicobariensis) are inhabitants of the Nicobar Islands, and are 
remarkable for the fact th^at the young are Ji)orn fully featliered 
and the eggs are deposited in huge mounds of sand and vegetable 
matter in the dense forests along the shores of these islands. The 
heat generated by the fermenting vegetable matter is sufficient to 
incubate the eggs. 

Aquatic Game-birds. — ^Tlie Kails, Crakes, Moorhens, and Coots 

Grallse (members of the family Kallidm) live hidden 

amongst reeds, or in grassy swamps, weedy 
lakes, and small streams, and are consequently seldom seen. The 
White- breasted Water-hen (Amaurornis phceniciirus phoenicurus) 
and the Moor-hen (Gallimda chloropus indicus) are widely distributed 
throughout India and Burma. The Water-cocks or Kora (Gallicrex 
cinerea) are tamed as fighting birds by the people of Sylliet who 
hatch the eggs by tying them against their waists. The Masked 
Fin-foot (Heliopais personata) inhabits the swamps of the flooded 
forests of Assam and Burma. Other common birds of the swamps 
and lakes (ini the plains and in the lower Himalayas up to 5,000 
feet) with plenty of reeds, lilies and ‘lotuses are the Bronze- winged 
Jacana (Metopidms indicus), and the Painted Snipe (Rostratula 
he7ighalensis benghaleMsis). 

Cranes, Bustards and Floricans. — The true Cranes (Gruidae) 
are represented in India by six species of which the Demoiselle 
(Anthropoides virgo), the common Crane (Grus grus lilfordi), and the 
Siberian Crane (Grus leucogeranus) are winter visitors to Northern 
India. The Sarus Crane (Antigone (miigone antigone) is a resident 
bird of the well-watered open plains. 

Of the Bustards (Otididse), the Great Indian Bustard (Choriotis 
nigriceps) haunts the plains of N.W. India and Deccan, while the 
* Floricans (Sypheotides indica and Houbaropsis bengalensis) are met 
with in Peninsular India and in the plains of the Ganges and 
Brahmaputra respectively. 

Plovers. — The Stone Plovers, Sand Plovers, Crab Plovers form 


Gharadrliformes 


a small group of birds of more or less similar 
habits. The* Indian Stone Plover (Burhinus 


cedicnemus indicus) frequents arid country and sandy beds of 


rivers all over the Indian Empire. Some Stone Plovers (Esacus, 
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Orthothamphiis) haunt the sandy coasts along the Bay of Bengal, 
Ceylon and the Andaman islands. The Indian Courser (Cursorius 
coromandelicus) is an inhabitant of the more open and desert 
portions of India, scrub dr grassy country, cultivated or waste 
land, while the Jerdon’s Plover (Rhinoptilus hitorqualus) has a 
restricted distribution in the forest regions botwepn the Godavari 
River and Madras. The Sand Plover (Glareola lactea) frequents 
stretches of shingle and sand of the larger rivers of India, while 
the Crab Plover (Dramas ardeola) is locally distributed in the Bay 
Islands and Mergui Archipelago. 

The Charadriid Plovers, and the Curlews, Woodcocks, Snipes 
and Sand-Pipers (Scolopacidse) include a large number of forms 
which are migratory and straggle down in winter as far south as 
Ceylon. The Great Sand- Piper (Tringa ochrophus) is known as the 
Snippet in India. Among the common snipes of India *^re the 
Fantail (Capella gallinago) the Pintail (G. stmura), the Wood- 
snipe (C. nemoricola) and the Eastern Solitary Snipe (C. solitaria). 
The last two are resident in the lower Himalayas, Assam and 
Burma. G. nepwricola extends to the hills of South India during 
winter. * 

Gulls and other Water-birds, — ^There are large numbers of 
Water-birds such as Gulls, Terns, and Skimmers many of which 
are winter-visitors to India straggling far inland to large areas 
of water such as rivers and lakes. Amongst the commonest of 
these are the Black-headed or Laughing Gull (Larus ridihnndus, 
and the Yellow-Legged Herring Gull (L, argeniatus)^ the •Indian 
River Tern (Sterna auranlia) which keeps to the larger Indian 
rivers, the Black-bellied Tern (S. melanogaster) which frequents 
large lakes, swamps and rice-fiekisj and the Indiaji Skimmer 
(Rhyncops albicollis) living on the surface organisms such as small 
Crustacea, Fish, etc., in the larger rivers of India and Burma. 

Pelicans. — Amongst the Pelicans (Pelecanidse), the eastern 
White or Rosy Pelican (Pelecanus onocrocotalus 
and^f^rbinares roseus) wintering in Northern India, and the 
Spotted- billed Pelican (Pelemnus philippensis) 
breeding in winter in South India, Ceylon and Burma, are common. 

Cormorants and Snake -birds are inhabitants of freshwater 
areas all over the Indian Empire, but the former may often be 
seen fishing in the mangrove swamps and the sea. The Little 
Cormorant (Phalacrocorax niger) breeds in lakes and swamps during 
the monsoon. The Snake-bird (Anhinga mekbnogaster) is entirely a 
freshwater bird throughout the Indian Region. 

Oceanic Birds. — The Gannets or Boobies (Sulidae), black or 
brown birds of large size, inhabiting the open sea are casual visitors 
to the shores of India. Tho closely alhed Tropic or Bosun Birds 
(Phaethonidae) are oceanic birds following ships for many miles out 
at sea and visiting the coasts only for breeding purposes. Thep 
Frigate Birds (Fregatidae) and the Petrels (Procellariidae) are also 
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ocoanic species recorded from the islands of the Indian Ocean, and 
from Ceylon. 

Storks, Herons, etc. — The Spoonbills, Ibises, Storks, and Herons 
constitute an important element in the bird life 
PhanicopteH Spoonbills (Plataleid®) have a 

• range extending from Sind to Bengal and 
Ceylon. Within the Indian limits the Ibises (Ibididae) inhabit 
rivers, lakes and swamps, and open dry cultivated country, 
and avoid deserts or the wettest regions of Bengal, Assam and 
Burma. The Storks (Ciconiidae) include win ter- visitors and resident 
birds. Thf common Wliite-necked Stork {Dissoura episcopa 
episcopa) and the curious Open-bill {Anastormts oscitans) are among 
tlie resident species. The /commonest of the Herons and Egrets are 
the Grey Heron (Ardea cinerea cinerea), the Purple Heron (A, 
purpurea m<inillensis), the White Egret (Egretta alba, E. intermedia 
and E. garzetta), and the Cattle Egret (Btihulcus ibis coromandus): 
The Reef-Heron (Demiegretta sacra and D. asha) are coastal or 
insular birds found on the coasts of Burma, Andamans, Ceylon, 
Laccadives, Sind and Mekran. The Incjian Pond Heron {Ardeola 
grayii) is one of the commonest and best known birds of India, 
grayish-brown when sitting and white in flight.’ The Night Heron 
(Nycticorax nycticorax) is a truly nocturnal bird living in the deep 
shade of trees by day and flying at dusk to the feeding grounds near 
water. The Bitterns are crepuscular in habits and hide in long 
grass and reeds. The Chestnut Bittern (Ixobrychus cinnamomem) 
breeds V)n the west coast of India and is a common resident of 
Bengal and Assam. The Flamingo {Phoenicopterus ruber 
antiquorum) is found as far down as Ceylon and east to Assam on 
the shores pf lakes, and sea-ccHists, and breeds in the Runn of 
Cutch. • 


Swans, Ducks and Teals, etc. — ^The Swans (Anatidae) are rare 


Anseres and 
Pygopodes 


in India. The Mute Swan (Cygnus olor) and 
Whooper (Cygnus cygnus) have been recorded on 
a few occasions in N.W. India. 


Among the Ducks which breed in tropical India are the widely 
distributed Comb-duck or Nukhta (Sarkidiornis melanotus) and 
the Pink-head Duck (RhodoneJisa caryophyllacea). The Mandarin 
Duck (Aix galericukita) is an extremely rare visitor to Assam. Of 
the true Geese (Anserinae) only a few visit N. India and N. Burma 
during winter, such as the Gray Lag (Anser anser) migrating as 
far south as Bombay and the Chilka Lake and the Bar-headed 
Goose (Aufier indicus) which extends down to Deccan and Mysore. 

The Teals, Sheldrakes, Mallards, Gray-ducks and Shovellers 
are mostly migratory. The common Whistling Teals (Dendrocygna 
javanica and D. fulva) are permanent residents whore swamps and 
lakes abound. The Brahminy'Duck (Ca^arcM ferruginea) prefers the 
larger rivers to lakes and ponds. The Spot-bill (Anas pcecilorhyncka) 
is resident throughout India and Ceylon. The Andaman Teal 
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{Nettion alhogulare) is peculiar to the Andaman and Cocos group of 
islands and inhabits freshwater swamps and tidal creeks. The 
White-eyed Pochard {Nyro%a rufa rufa) is one of the commonest of 
Indian Ducks occurring as far south as Mysore and Madras and is 
an expert diver. The Smew (Mergellm alhellus) is a regular visitor 
to N. India and lives in clear rapid streams. The Efistern Goosander 
{Mergus merganser orientalis) visits the foot-hills of the Eastern 
Himalayas, and chooses swiftly flowing rivers or torrents, but is 
equally at home in clear lakes and ponds. The Grebes (Podicepida^) 
are expert divers. The Great Crested Grel)e (Podicej^s crislatus 
cristatus) occurs only in N. India in marshes and lakes* and in the 
sea, while the Indian Little Grebe (P. ruficollis capensis) is common 
all over the Indian Empire. • 


Reptilia. 


Grocodilia 


In the Indian Empire this group is well-represented by a 
variety of forms of aquatic, semi-aquatic, terrestrial, and arboreal 
habits. The toious lizard-like Tuatara, the Alligators, the Iguanas, 
the Snake-like Amphisbaenian Lizards, the Giant Land Tortoises, 
and the Rattle-snakes and Boas do not occur in this region, although 
the nearest relatives of all but the first are known from the Empire. 
Crocodiles. — ^There are only 3 species of Crocodiles in the 
Indian Region. The Gharial (Qavialis gan^eticus) 
the sole living representative of th^ genus, 
occurs in the larger rivers of N. India, e,g., the Indus, Ganges, 
Brahmaputra and Mahanadi living chiefly on fish, birds, and small 
mammals such as goats and do^s. Occasionally it may attack 
man. It has the habit of floating at the surface of water with 
only the eyes and the tip of the snout above water. The estuarine 
Crocodile (Crocodilus porosus) inhabits the coasts of India from 
Cochin to Ceylon, Bengal and Burma frequenting the deltaic tract 
of rivers and the backwaters, and enters the sea for several miles 
from the coasts. It grows to big sizes (over 20 feet long) living on 
fish, turtles, birds, crabs and even insects, and attacks man. The 
Mugger or Broad-snouted Marsh Crocodile (Crocodilus palustris) 
lives in freshwater swamps, tanks and rivers throughout the Indian 
peninsula and Ceylon, and in Baluchistan, Nepal, and in the 
Brahmaputra river. In the dry season it buries itself in mud to 
aestivate. It feeds chiefly on fish and birds, but occasionally , 
attacks human beings. 

Tortoises and Turtles. — ^The Tortoises and Turtles are represent- 
ed by several genera and species. Of the latter, 
the Leathery Turtle (Dermochelys coriacea), the 
largest of all marine Chelonians, js found only on the coasts of 
Ceylon and Travancore, while the Green or Edible Turtle (Chelonia 
my das) is particularly common around the Andaman IslandTs. 
The Hawksbill Turtle (Eretmochelys imbricata) which prevvides the 


Chelonia 
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tortoise-shell of commerce is generally distributed in Indian and 
Indo-Chinese waters, but is not so common as the Green Turtle. 
The Logger-head Turtle (Gareita mretta olwacm) is abundant on 
the coasts of the Andaman Islands and Ceylon. The* freshwater 
Tortoises (Emydidae) are represented by no less than 33 species 
belonging to 15 genera. Several of these are confined to Burma 
and the Indo-Chinese sub-region. Among these may be mentioned 
Geomyda trijuga with a wide distribution in S. India, Bombay, 
Bengal, Burma, Ceylon and the Maidive Islands, Oeoclemys hamiltoni 
of N. India, Hardella thurgi of the rivers Ganges and Brahmaputra, 
Kachuga Uctum of the three great rivers of N. India, Kachuga 
trivittata of the Irrawady and Salween river systems, and Batagur 
baska of the estuaries, deep-rivers, and canals »of Bengal and Burma. 
The commonest of the Freshwater and Mud Turtles of the family 
Trionychidae are Lissemys punctata, Chitra indica, Trionyx gange- 
ticus, T. leithi and T. hurum. The land Tortoises (Testudinida}) 
are represented by the single genus Testudo, T. elegans is the 
commonest South and Central Indian species with the closely 
allied T, travancorica confined to the hilk of Travancore. Testudo 
emys, the largest of Asiatic species, lives in the hilly districts of 
Assam and Burma. 

Gecko Lizards, — ^The Lizard-group includes a large number 

Lacertilia (248) of species occurring within the Indian 

acer a limits, and consists of Geckoes, Chameleons, 
Skinks, etc. The Geckoes are found everywhere in the plains or 
at low altitudes except in thick jungle or in water. Some of them 
are closely associated with human habitations, some are found in 
deserts hiding under stones and in crevices of rocks, while others 
live in tree-holes or in cracks under the bark. They feed chiefly 
on insects. The commonest species are those of the genera 
Gymnodactylus of wide distribution, Cnemaspis from the hilly 
regions of S. India and Ceylon, and Hemidactylus with very wide 
distribution in all parts of the Empire. Hemidactylus brooki is the 
commonest House-gecko in India. The Tuck-too or Tuk-Kaa 
(Gekko gecko) of North-Eastern India and the Andaman Islands are 
large lizards living chiefly on insects but occasionally attacking 
larger animals such as other lizards, mice, small birds and even 
snakes. The parachuted Ptychozoon kuhlii of the Nicobars is 
reputed to fly from one tree trunk to another. The Green Lizard 
(Phelsuma andamanense) with red or orange markings and red 
tongue is a common inhabitant of the Andaman Islands on trees 
and in human dwellings. The Fat-tailed Lizard (Eublepharis macu- 
larius), an inhabitant of desert areas found in N.W. India, lives 
on other lizards, crickets and other insects, spiders and scorpions. 

Ground and Flying Lizards, — ^The Agamid lizards include 
^cies which live on the ground as well as on trees in forests. 
The Flying Lizard {Draco), the so-called ‘ Blood-sucker ’ (Cahtes), 
the Skinj^s, the Monitors, and the Chameleons belong to this family. 
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On^> species of Flying Lizard {Draco dussumieri) is found only in 
S. India, while the others, D. maculatus^ D. tceniopterus, D. hlanfordi 
and D. norvilli are not foi\nd west of Assam. Another common 
lizard of th*© drier and open districts of India and Ceylon is Sitana 
ponticeriana. Several species of Calotes are known, but the com- 
monest species on the y)lains and hills of India and Ceylon is Calotes 
versicolor. The lizards of the genus Agama are found chiefly in 
the rocky country of North-West India, and feed on vegetable 
matter and insects. They hibernate during the cold season. The 
lizards of the genus Urornastix live in holes in the ground made by 
themselves in arid tracts. The Spiny-tailed Lizard (U .Jiardwickii) 
of N.W. India inhabits sandy tracts where vegetation is scanty 
and feeds on grass, flowers and fruit. It hibernates in its burrows 
during the cold weather. ^ 

Chameleons. — ^The Chameleons have their home in Madagascar 
and Africa, but in the wooded districts of peninsular India and in 
the dry zone of Ceylon they are represented by one species, Chameleon 
zeylanicus. They have thf power of independent movement of the 
eyes, and an extremely extensible cylindrical sticky tongue, and 
can change their colour at mil. 

Skinks. — ^The very numerous species of the skink himily 
(ScincidcTc) include forms which live in damp places near rocky 
streams (the viviparous Tropidophorus), forms that live near the 
sea-shore (Mahuya bihronis), and forms that live in burrows and are 
crepuscular or nocturnal {Barkudia insularis) . Of the commoner 
Skinks are Mahuya' carinata of peninsular India, M. beddomii of S. 
India, and M. dissimilis of N . India. The largest of the Indian Skinks 
(M. tytleri) is peculiar to the Andean Islands. Dasm olivacea of 
Tenasserim and the Andaman* and Nicobar Islands is arboreal in 
habit. Other common forms are Lygosoma indicum of the E. 
Himalayas, Assam and Burma, L. dussumieri of S.W. India, L. 
taprobanense of Ceylon, Leiolopisma himalayanum. of the sub- 
Himalayan tract up to elevations of 12,()0(> feet, and Riopa punctata 
widely distributed in the hilly parts of India and Ceylon. The 
‘ Sand-fish ’ (Ophiomorus tridactylus) which burrows in sand is 
common in the desert and shady parts of India. Another similar 
form which burrows in loose earth is Barkudia insularis of the 
Chilka Lake on the east coast of India. The degenerate Ceylon 
Skinks of the genus Nessia live in earth or decaying vegetation or 
under stones, and feed on worms. The snake-like, externally 
limbless Bunneso Glass-snake (Ophisaurus gracilis) is common 
in the Himalayas, Assam and Burma. 

Monitor Lizards. — There are six species of Monitors {Varanus) 
within Indian limits. Tlie Desert Monitor (Varanus griseus) 
inhabits sandy places in N.W. and fjentral India where vegetation 
is scanty. Varanus monitor, the common Indian Monitor occui^ 
throughout India, Burma and Ceylon while the commop Water 
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Monitor ( V. salvator) frequoiits rivers, estuaries and sca-coasts of 
Bengal, Burma and Ceylon. There is a considerable trade in lizard 
skins in India. ^ 

Snakes. — ^The Snakes constitute a large and important element 

Oohidia Reptilian fauna of India, and there is 

• no known family of living snakes which is not 
represented in this country. The large number of deaths amongst 
domestic animals and human beings caused by the bite of poisonous 
species of snakes has focussed much attention on this group. 
Zoologists and medical men liave attempted to provide intelligible 
guides to ^he lay people to distinguish at sight poisonous from non- 
poisonous snakes. Amongst the commonest species met with in 
the Indian Empire may be mentioiied the Carpet-snake (Ly codon 
auUcus), the Rat-snake or Dhaman (Ptyas mucosus), the Orass- 
and tlK) Water-snakes (Rhabdophis stolatus and Nerodia piscator), the 
Tree or Whip-snake (Dryophis mycierizans), the Cobra {Naia naia), 
the Krait (Buvyarus candidus) and the deadly Russel’s Viper 
(Vipera russelli): The Sea-snakes ( Hydrophinae) with a strong, 
compressed, oar-shaped tail are also cort?mon on the Indian coasts, 
the most widely distributed being Hydrus platurus, and Enhydrina 
valakadien. The latter is known to be the most poisonous of all 
Indian snakes. There are other snakes not so well-known but #hich , 
nevertheless, deserve mention. The burrowing ‘ Earth-snakes ’ 
(Uropeltidae) are peculiar to the hilly tracts of peninsular India and 
Coy lorn while the small worm-like sub-terranean snake (Typhlops) 
is widely distributed all over the Indian Empire. Of the latter 
Typhlops hraminus is the commonest. The l>est known Python or 
Rock-snake of India is Pylhmi inolums. The so-called Double- 
headed Sn^ke kept by snake-\’harmers in this country is Eryx 
jaculus which lives in sandy tracts of Southern and N.W. India. 
Cerberus rhynchops lives in mud on the banks of large rivers and 
estuaries of the Indian region and feeds on fish. The Raj -samp or 
Banded Kraits (Bungarus candidus) of N. India are common all 
ov^er the country and destructive to life. The King Cobra (Naia 
hannah) confined to parts of South and Eastern India and Burma, 
and to the Andamans is of fierce and aggressive habits and feeds 
on other snakes. Echis carinata, another fierce snake of the Viper 
class, may be met with in the desert or sandy tracts of India. The 
Pit-Vipers are represented in India by two species only, e.g. Ancis- 
trodon himalayanus common in N.W. Himalayas and Assam and 
A . hypnale in Ceylon and the W. Ghats. 

Batrachia. 

Salamanders and Limbless Ccecilians. — ^The Frogs and Toads, 
the Newts and Salamanders, ^,nd the worm-like limbless Caecilians 
which constitute this class have a peculiar distribution in India, 
^he Indian Salamander is represented by a single species (Tyloto- 
triton v^rucosus) which has hitherto been found only in the Eastern 
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Himalayas and the Shan plateau. The burrowing apodous 
Batrachians are represented by only five species belonging to 3 
genera in the Indian faunjt four of which are inhabitants of the 
Western Ghats of Malabar. The fifth spc^cies Icthyophis glutinosus 
occurs in the hills of Ceylon, Malabilr, Eastern Himalayas, Assam 
and Burma in soft mud in damp places. • 

Frogs and T'oads, — ^The Frogs and Toads are found everywhere 
in India in damp situations or in ponds, pools, and streams, and 
are aquatic, terrestrial, arboreal, or burrowing in habit. There are 
several genera of which Raim is the best known. All Indian species 
of this genus are probably aquatic during the breeding season, 
but their habits vary greatly. Over 40 species are known of which 
the most common are the truly aquatic RJiexadactyla of S. India and 
Ceylon, the large R, tigrina of all India and Ceylon, and R, 
limnocharis and R, cyanophlyctis of wide distribution •in the 
Indian region. The last named live on trees or rocks or in very 
damp situations in the forests. Among the species of other genera 
may bo mentioned Micrixalus fuscus, Nannobatrachus beddomii 
the smallest -Batrachiar^ kno^, Rhacophorus maculatus the 
‘ Chunam Frog ’ of Madras, and R. reliculatus the female of which 
carries the ova in shallow pits in the skin of the ventral surface of 
the abdomen, and Ixalus variabilis of Ceylon, Malabar and the 
Nilgiris. Of the toothless Engystomatid Batrachians there are 
several small species represented in the Indian Empire of which the 
best known are Microhyla rubra of S. India and Ceylon, M. ornata 
of a much wider distribution ; the burrowing form Callula pulchra 
with dilated digits, and the toad-like Cacopus systoma of peninsular 
India, Ceylon and Burma. Among the true Toads (Bufonidje) the 
best known and the commonest ^ecies in the IndiaA Empire is 
Bufo melanostictus. There are iJwo rare species belonging to families 
not common in the Indian region which deserve mention. One is 
Caluella guttulata of Burma (Family Dyscophidse which is common 
in Madagascar) and the other is Hyla annectens (Family Hylidse 
of Australia and America) known only from the hills of Assam and 
Upper Burma. The Burmese (Leptobrachium carinense of the rare 
family Pelobatidae is known to attack with its strong jaws even 
small mammals. 


Pisces. 

The fish fauna of the Indian Empire is of considerable diversity 
owing to the great variety of habitats mot with both in the sea and 
in the estuarine and freshwater areas. Fish are found everywhere 
along the coasts of India whether rocky, sandy or muddy, and 
amongst coral reefs, in deep sluggish fivers or in mountain torrents, 
in lakes, ponds and wells, in river estuaries, coastal lagoons and 
backwaters. The distribution of marine fishes is rather wide, and’ 
some genera are common to the Indo-Pacific and the -jLtlantic 
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regions. It was estimated by Alcock that 57 per cent, of the 
Indian marine genera were common to the Indian seas and to the 
Atlantic and Mediterranean. The freghwater fish fauna of the 
Indian sub-continent has elements in it which are common to the 
Indo-Malayan and Indo-ChiAose regions. Barring the Chiclid 
Ktroplus in S. India and Ceylon the African element is absent from 
most parts of peninsular India. The Lampreys and Hags (Marsi- 
pobranchii), the Chimacras or Elephant fishes (Chimseroidei), the 
Lung-fishes and Mud-sirens (Dipneusta), and the Sturgeons (Acti- 
nopteri) are totally absent in India. 

Cartilaffinous Fishes, — ^The Cartilaginous fishes such as Sharks, 
Rays and Skates are well-represented in the Indian seas and 
estuaries. The coastal waters and the seas inithe neighbourhood of 
the Andaman and Nicobar islands abound in the much-feared large- 
sized Gi*ay-sharks (Scoliodon and Gcdeocerdo), the Hammer-headed 
Sharks (Zygcsm) and the Saw-fishes (Pristis), the Sting-rays 
(Trygon) with a spiny whip-like tail, the great Eagle-rays or Devil- 
fish (Myliohatis)y ‘and the Torpedos and Electric-rays (Torpedo^ 
Narcinej BengalicJithys) some of which give a mild *electrie shock 
when handled. The dried fins of Sharks and Rays are exported 
to China, while some classes of people on the Indian coasts fancy 
the flesh of these fish. Some of the Sharks and Rays {Scoliodon 
and Trygon) ascend the large tidal rivers such as the Ganges. 

Bony Fishes, — ^The bony fishes are, however, the most pre- 
dominant and best-known fishes of the Indian Region both in the 
seas and in the fresh- and brackish -water areas. Only a few of the 
better known families of bony fishes can be mentioned in this 
Outline. There are several Eels (Symbranchoid, Mursenoid) in 
marine and freshwater areas. Those which inhabit the coral-reefs 
or rocky shores are brilliantly coloured with bands and spots. The 
best known genera are Anguilla and Murcena, The freshwater 
Spiny-eel (MastacemheXus) belongs to another family and is not a 
true Eel. The scale -less Cat-fishes (Siluroidea) with their well- 
developed feeler-like barbels are found mostly in muddy rivers and 
thoir estuaries and in hill -streams. Some of these (Wallago attUy 
Bagarius yarellii) grow to large sizes and are referred to as ‘ Fresh- 
water Sharks ’. There are a few marine genera sucli as Arius, 
The Carps (Cyprinoidea) are exclusively freshwater in habitat and 
include important food fishes such as Rohu (Labeo rohita), Catla 
{Catla catla), and Mahseer (Barbus tor) common in N. India. The 
Snake-headed Fishes (OphicephaKdae) and the so-called Climbing- 
perch (Anabas testvdineus) are common throughout the Indian 
Empire in rivers, ponds and marshes and have the power of living out 
of water for long periods. They are enabled to do so with the help of 
accessory respiratory organs wjhich develop in various parts of the 
body (in the head in Ophicepkalus, in the branchial chamber in 
ijlarias, etc.). There are no true Salmon and Trout in India except 
those tlvit have been introduced in the streams of the hilly parts of 
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the country. The Indian Herrings (Clupeidse) include the celebrated 
migratory ‘ Hilsa ’ (Hilsa ilisha) of Bengal and ‘ Pala ’ of Sind closely 
allied to the Alice Shad of Europe, the Oil-sardine (Clupea longiceps) 
of the Malabar coast, and ^he Anchovies (Engraulis) are common on 
the Indian coasts and estuaries. The ‘ Bombay Duck ’ (Harpodon 
nehereus), the Gar-pikes (Belone) and Half-beaki^ (Hemirhamphus) 
are also common on the coasts and estuaries. The Flying-fish 
(ExocoRtus) is, however, an inhabitant of the open sea. The Indian 
Perches comprise within it a large number* of marine genera and a few 
freshwater ones (like Arnhassis, Nandus, Badis, etc.) many of which 
include edible forms. The best known of the coastal 4>r estuarine 
edible fishes are the famous ‘ Bhekti * (Lates mlcarifer), ' Topsi ’ or 
Mango-fish {Polynemus paradisejos), Hprse-mackerols (Carangidaj), 
true Mackerels (Scomber), Poinfrets (Stromateus), Tunny or Bonito 
(Thynnus), and Grey Mullets (Mugilidse). Living among ^he coral 
reefs and along the rocky coasts are several small Percoid forms 
of bright colours belonging to the fiimilies Plesiopicla?, Glyphido- 
dontidsB, and Labridse. These are more common in the coastal 
waters of the,.Mergui Archipelago and the Andaman and Nicobar 
groups of islands. The Cod and Haddock (Gadidte) of Europe are 
not well-represented in Indian waters, while the Soles and Turbots 
are represented by several species of Flat-fishes (Heterosomata) 
which do not have the same reputation as edible fishes as in Europe. 
The Globe-fishes (Tetradontidae), the Pipe-fishes (Syngnathidse) 
and the Sea-horses (HippocampidsB) are quite common along the 
coastal regions and in estuaries, but members of the first tw() families 
have been found in freshwater at considerable distances from the 
sea. The mud-flats and river estuaries and mangrove-swamps have 
a fish fauna peculiar to such regions. Eel-like Gobiokl fishes such 
as Tcenioidts, Pseudapocrypi^s and Apocryptes burrow in mud 
where they aestivate in unfavourable seasons. The mud-skippers 
of the genera Periophthalmus and Boleophthalmus hop about on 
land far from the sea and the estuaries. A fish of a similar habit 
is tlie Blenniid Andamia which lives on rocky shores much above the 
water-line and sticks to rocks by a special sucker-like mental flap 
of skin when the surf beats against them. 

In structure as well as in distribution the hill-stream fishes are 
of considerable interest. Several genera are known of which 
Pseudecheneis, Balitora, Psilorhynchus, Parasilurus and others are 
confined to the Eastern Himalayan region and are not found west , 
of the Teesta valley. In S. Indian hills, Bhavania, Silurus, and Para- 
psihrhynchus occur and are closely allied to some of the E. Himalayan 
forms. There are no large inland lakes in India, but those of 
N. Burma such as the Inle Lake and the Indawgyi Lake have 
endemic genera of exceptional interest such as Chavdhuria and 
Indostomus. These lakes, and some parts of Assam and the Abor 
country which are far removed from the sea coast have a peculiar 
fish fauna including genera common in the seas and estparies or 
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their close allies. These genera are Indostomus, Dorichthys, 
Tetraodon, Rhynchohdella and Moringtui. 

I 

Animal Communities in various environments. 

c 

A consideration of the Invertebrate fauna on the same lines as 
those of the Vertebrate would occupy far more space than is avail- 
able for tliis Outline. We shall therefore give a brief account of the 
various groups of animals which actually occur or may be expected 
to occur in some of the cofhmon typos of environments known in 
the Indian Region.^ 

* Cave Fauna. 

Caves of any large siz^ or great depth qpmparable to those 
of Europe and N. America are not known in the Indian region, but 
in the limestone districts of Assam and Burma there are a few 
(Hsing-Daung, Ngot and Moulmein in Burma, and Chorrapunji 
and Siju in Assam), of which by far the largest known in the 
Indian Empire is *the Siju cave in the Garo Hills of Assam. 
It is perhaps a matter of common ^knowledge- that most 
dark places in India abound in Bats. These are the most 
characteristic animals of caves in general, and provide the 
bat-guano of high manurial value. The results of a careful in- 
vestigation, of the fauna of the Siju cave revealed a surprisingly 
small degree of adaptation to cave-life in the hundred and odd 
species found there. The majority of the species were such as 
those known to occur in daylight in other situations. Amongst 
the animals found at distances exceeding 1,500 feet from the entrance 
of the cave wore land animals such as Bats {Hipposideros), Rats 
(Rattus) and V/ild Cats (pug-marki of Felis), Isopods {Philoscia and 
Cubans), Arachnids {Heteropoda, Sijiicavernictis, Schizomus), Milli- 
pedes and Centipedes (Trachyiulus, Himantostoma), Insects (Collem- 
bola, Orthoptera, Diptera, Lepidoptera and Coleoptera), Earthworms 
(Drawida, Megascolides, Glyphidrilus) ; and aquatic animals such 
as Fish (Nemachilus, Barbus), Insects (the Gorrid bug, Metrocoris 
and the Gyrinid beetle, OrexMochilus) and Decapod Crustacea 
{Paratelphusa, Palcemon). The only species amongst these which 
show definite adaptation to life in caves, such as reduction in 
the extent of retinal pigment present in the eye or in the size of 
the cornea, and change in the colour of the body pigment, are 
tPakemon cavernicola, Philoscia dobahholi and Cubaris cavernosus. 
The land snail Opeas cavernicola, though found not further inside the 
cave than 500 feet from the entrance, shows modification in the 
eye. Kemp and Chopra, who investigated the fauna of 
this cave, are of the opinion that, on account of its comparatively 
recent origin, the fauna is in an early stage of evolution to the 

• 1 The following account of the animal communities in various environ- 
ments has been critically examined by the author's colleagues, Drs. S. L. 
Hora and £. Chopra, to whom his thaiiks are due. 
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highly specialized state so characteristic of the older caves of 
Europe and America. 

§ 

Desert Fauna (Plate, VI, upper figure). 

The little that is known of this fauna indicates that the 
species constituting it are widely distributed in India and 
adjacent regions, and are capable of physiological adaptation to 
the varied conditions of life. Annan^ale (1906)^ observed that 
in the barren coastal plains of a South Indian District (Kama- 
nad) the great majority of species represented l^fbve not only 
a wide distribution but are able to adapt themselves to various 
environments. Cc^kroaches (Blatta {»,nd Stylopyga) of this region, 
for instance, are found elsewhere in very damp situations. Most 
of the Wasps and Ants have a wide distribution in tht^ Oriental 
Kegion. So are all the Butterflies except one (Catachrysops 
pandava). Some of the Araclmids {Palamnceus and Buthm) have a 
limited range in S. India. While certain forms*such as the Gryllid, 
Cophogryllus%arenicola, fjeem to be adapted to life in barren sand, 
the great majority of the larger forms are more hardy than spe- 
cialized so that they are able to endure changing conditions of the 
environment. The colour of the Arthropods found was generally 
dull as in most desert localities, but those that wore conspicuous 
had red or black pigment in the integument. Amongst the small 
Mammals found were the Fox (Vulpes), the Hodge-hog (Erinaceus)^ 
the Squirrel (Funambulus), Rats and Mice (Tatera, Rattus, Leggada 
and Nesokia), the Wild-cat {Felis viverrina ?) and the Hare (Lepus 
nigricoliis). In the Salt Range of the Punjab (Hora 1923,* Pruthi, 
1933*) the general conditions oi* life are not very favourable for 
terrestrial and aquatic life. 'The extremely hot and dry climate 
which prevails for the greater part of the year, and the high salinity 
of water in the streams and ponds as a result of the impregnation 
of the soil with mineral salts are inimical to a rich and abundant 
animal life. Even so the number of species of animals, terrestrial 
and aquatic (Reptiles, Batrachiaiis, Fish, Worms, Molluscs, 
Crustaceans and Insects) which have made this region their home 
is well over a hundred, the most numerous of those being Insects 
such as aquatic and terrestrial Beetles, Dipterous Flies, May- 
flies, Dragon-flies, Caddis-flies, aquatic Bugs, and caterpillars of the 
aquatic Lepidopteran, Aulacodes. A largo number of these is widely, 
distributed in N. India or in the Oriental Region as a whole. A 
few, particularly the Reptiles and Molluscs, belong to the Afghan- 
Baluch-Persian desert region, and stiU fewer (Reptiles, Fish and 
Molluscs) are endemic. The only Palsearctic element in tlie fauna 
is a Toad (Bufo viridis) which is found outside the Salt Range in 


1 Mem. As. Soc. Bengal, I, pp. 183-202, pis. ix-x (1906). 

2 Rec. Ind. Mus., XXV, pp. 369-76 (1923). 

3 Rec. Ind. Mus., XXXV, pp. 87-119 (1933). 
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the Kashmir valley and in the districts north and west of the 
Punjab. The devastating invasions of Locusts (Schi8tocp.rca 
gregaria) of the years 192(i-31 in N.W.< India has focussed much 
attention on the distribution of this typically desert 'insect in 
Baluchistan, Sind and Rajputana where solitary forms of this Locust 
have been found ftver a wide area. 

Hill-stream Fay^na (Plate VI, lower figure). 

The rapid or torrential streams of the hi 11 -tracts or mountainous 
regions of Iifilia, Burma and Ceylon are inhabited by certain special- 
ized types of animals of groups or families, representatives of which 
are found commonly in other typers of euviroliment such as large 
rivers, lakes, taiiks and estuaries. The inhabitants of the torrential 
streams ^are generally members of the groups — Batrachia, Pisces. 
Mollusca, and Insects, but Tjeoches, Polyzoa and Turbellarians arc 
also known to live in su<;h environments (Hora, 1927). The environ- 
mental conditions in the hill-streams are by no means uniform 
(Hora, 1930). The slip])erv moss-grown eAlge of a boulder or rock 
over which the stream falls, the spray-covered bare rocks in the 
vicinity of the falls, the under-surface of submerged rocks and peb- 
bles, the dect)er rock-pools in the course of the stream, the marginal 
area of the stream which may have submerged or overhanging 
vegetation, all constitute types of environment commonly met 
with in dull-streams. Where rocks, pebbles, or coarse sand arc 
present one may chance upon Batrachian larvic (Ilylorana, Helo- 
'jihryne, and Megophrys), Fish, such as Garra, Sicyoptenis (of oceanic 
islands), Gly^tothorax and Pseydechends with special adhesive 
organs which enable them to hold ondo rocks, and Loaches {Nema- 
chilus) which hide themselves amongst pebbles. Amongst insects 
which live under Stones and pebbles or are attached to rocks are 
the immature stages of May-flies (Heptageniid Ephemeroptera), 
Caddis-worms (Trichoptera), Dragon-flies (Gomphid Odonata), 
Stone-flies (Perlidfe), Coleoptera (Psephenus and other Dryopid 
Beetles) Hemiptera (Naucorid Bugs), the Lepidopteran (Aulacodes) 
with its web-like larval cases, and Diptera (Empidae, Simulida', 
Blepharoceridaj, and Psychodidse). The larva> either cling to rocks 
by hooks on the limbs and body, or adhere to them by sucker-like 
devices developed on the ventral surface of the body. Molluscs of 
•the genera, PaludowMS (Melaniidae), Theodoxis (Neritidie), Tur- 
binicoUi (Ampullaridfe), and Ancylus (Ancylidaj) may also be 
found sticking firmly to rock-surfaces by means of their broad 
and muscular foot. In the pools in the course of hill-streams 
where the flow of water is not very rapid large forms such as the 
Batrachians, Rana alticola and R. malabarica, and small Carps 
{Oanio, Rasbora, etc.), the Notonectid Bug, Enithares, Mollusca 
{Melanoides, Acrostoma, Corbicula) and Crustacea (Caridina, 
Palcemon^ Potamon) may be met with. Living among the 
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aquatic plants of hill-streams are usually Tadpoles (Megophrys), 
Amphipods (Oammarm), Insect-larvae or nymphs (Tipulida\ 
Baetidae, Simuliidae, Chirynomidae) and the limpet-likc Mollusc, 
Ancylus. - Powerful swimmers amongst fish, such as Barbus (of 
the Mahseer type), Laheo, OreinilSy and Barilius, which occur 
in hill-streams are independent of the conditidns governing life 
under rocks or in still pools of streams. They are of migratory 
habits and are often seen swimming against the current. 

» 

River Fauna. 

The river-systems of the Indian Empire are not all of a uniform 
typo, and the fauna.^of no one of them,is completely known. The 
only river of which the upper reaches have been investigated is 
the Narbada where the faunistic elements are clearly thcise of the 
ordinary hill-stream type. Comparatively little is known of the 
middle reaches of rivers, but in the Ganges a distinct relict fauna has 
been observed. Among those included in this fauna are the 
Cetacean (Platanista gay^geiica), the Amphipod Crustacean (Am- 
pelisca pusilla)^ the Bivalve Molluscs {Scaphula deltm and S. cdox 
and Novaculhm gangetica) which have abandoned their ancient 
home in the sea and settled down to the conditions of life in 
the middle reaches of the Ganges. The Vertebrate elements 
of the rivers of India have already been dealt with in their 
appropriate places at the beginning of this Outline. It only remains 
to mention that certain Insects and Potamonid Crabs have a habitat 
(losely associated with the banks and beds of rivers. The Gryllid 
Tridiictylus is often found in great abundance in buri*ows in damp 
soil along large rivers and Gryllotatpa africAina in moist^sand of river - 
banks. In shallow rivers, particularly where there is a sandy bottom. 
Dragon-flies (Ischnura, AgriocMemis and Onychogoinphus) are com- 
mon, so are May-flies (Anagenesia robusta, Polymitarcis indicus) 
Caddis-flies {Parasetodes bakeri), and Water-beetles (the Dytiscid, 
Laxophilus solutus, the Gyrinid, Orechtochilus gangeticuSy and the 
Hydro philid, Berosus fallax)} 

Estuarine Fauna (Plate VIE). 

The study of the estuarine fauna of rivers (such as that of 
the Ganges) has been of the highest scientific value from the^ 
point of view of the evolution of freshwater forms from marine 
ancestors. The comparatively low salinity of the waters of the 
Bay of Bengal which is constantly being diluted by the great 
freshwater effluents such as the Salween, the Irrawady, the Ganges, 
the Brahmaputra, the Mahanadi, the Godavari, the Kistna, and 

1 For these and other notes on the Insect fauna of various habitats flie 
author is indebted to Mr. S. Fiebiero, Entomological Assistant, Zoological 
Survey of India. • 
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the Cauvery, and the gradual changes from the markedly less 
saline waters of the Bay of Bengal to the freshwaters of the 
rivers beyond tidal limits facilitate q.long these highways the 
immigration of marine forms into freshwaters by gradual adapta- 
tion to the transitional conditions of existence in the estuaries. 
The few observations that have been made in the river estuaries 
such as those of the Mahanadi, Indus, and Irrawady show 
that the character of the estuarine fauna in these rivers is 
essentially similar to that* of the Ganges. In the muddy creeks 
and estuaries of the Gangetic delta a large variety of animal forms 
belonging tc nearly all the more important groups of the animal 
kingdom except Echinodermata has been found. Many of the 
genera represented are either marine or braickish water in origin, 
specialized or adapted to life in such situations as the mud-laden 
turbid i/aters, or the soft ooze-like bottom, or the tidal mud- 
flats (open or covered with mangrove) which are characteristic of 
the Gangetic delta. In these environments are found Sponges 
(Clionidse and Subbritidsc) of distinctly marine origin, Hydrozoans 
(Dicyclocoryne, Annulella), Scyphomedusan jelly-fishos (Netrostoma, 
Acromitus), Actiniarian sea-anemones (Edwardsia, Halianthus, 
Pelocoetea and other Hal(;ampactiids), Polychsctcs and Echiuroids 
(Nereida), Spionidai, Capitellidae and other families, and Thalasserna)^ 
the pelagic Sagitta, Mollusca (Ncritidae, Littorinidaj, Assimineidse, 
Auriculidaj, Kissoidiu, Nassidae, Ccrithidic, Onchidiidae, Cyrenidae, 
and Mytilidae) of brackish water or marine origin, Polyzoa (Barmtsia, 
Loxosomatoides, Viclorella, Bowerhanhia, and Alemhranipora) of 
brackish water origin, Crustacea (Entomostraca, Amphipods of the 
genera Quadrivisio, Grandidierella, Mysids such as Potamomysis 
and MacropS>is, Penaeid and PalSemonid prawns, Hymenosomatid, 
Portimid, Grapsid, and Ocypodid crabs), the King-crab {Carcino- 
scorpius), anudromous fish like the Indian herring, Hilsa ilisha, 
estuarine fish of the Siluroid group (Pangasiidae, Ariidae, Plotosidae), 
the Herring and Gobies (Clupcidac and Gobiidsc), and the Sting- 
rays (Trygon) of marine or brackish water origin. Some of the forms 
enumerated above live in the ooze-like bottom mud, some live in 
burrows in thick mud between tide-marks or crawl on the surface, 
while others are active swimmers in muddy water. Certain adapta- 
tions to life in muddy waters, such as degenerate eyes, highly 
developed tactile organs, absence of bright colours except those of 
pink or red, the occurrence of resting buds and highly resistant non- 
sexual reproductive bodies are among those observed in certain 
groups of animals living in the Gangetic delta. The remarkable 
superficial resemblance of some of these specially adapted forms 
[Fish and Crustacea, which Kemp (1917) observed] to the deep-sea 
inhabitants of the same groups ^is a typical case of similar physical 
conditions (soft muddy bottom and low visibility) in different 
environments producing the same type of adaptation. Recent 
rosearchqjS in estuarine waters have shown that the salinity of 
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bottom water in river estuaries is nearly the same as that of the 
sea and facilitates the penetration of bottom-living marine forms 
into the estuaries. 


Backwater Pauna 

The constituents of this fauna are as varied as those of tlu^ 
estuaries. There are several backwaters, lagoons and salty marshes 
on both the coasts of Peninsular India. »The Salt Lakes of Calcutta 
(which are now almost fresh), the Chilka Lake on the Orissa ( -oast, 
the Vizagapatam backwater (now converted into a hurbour), tlie 
backwaters of Pulicat, Ennur, and Adyar on the Madras coast, the 
extensive backwaterf.»of Travancoro, Cothin and Malabar on the west 
coast of India, and the broad barren sandy depression of land and 
water, the Rann of Cutch constitute the more important a^id well- 
known backwaters of India. They are more or less connected with 
the sea either temporarily or permanently by means of short channels 
or tidal creeks, and during the rainy season floo&waters enter them 
in such large ‘quantities :<s to convert them into freshwater lakes. 
The fauna of these backwaters, as in the case of the Chilka Lake, 
is mainly of marine origin although there is a strong estuarine 
element as in the Gangetic delta. Apart from occasional immigrants 
into the Chilka lake from the sea and the adjacent freshwater areas 
the permanent inhabitants of the lake though not rich in species 
are found in large numbers and are capable of adapting thpmsolves 
to the physi(;al changes in their environment. With the exception 
of Echinoderms and Ceplialopods, Pteropods, Ciibornedusa), and 
stony corals all other groups of the animal kingdom are well- 
represented in the various tyijes of environment of the lake, such 
as the bottom of sand or mud or of both, the rocks, amongst weeds, 
and the mid- and surface-waters. The Salt Lakes of Calcutta 
although gradually becoming more and more fresh have a fauna 
which is distinctly estuarine in origin. Only a few species have 
established themselves in these lakes but the number of individuals 
of each species is very large. Among the commonest species found 
between 1926 and 1933 wore Molluscs (Melanoides lineata, Stenothyra 
deltce, Modiola striatula, Cmpidaria annandalei), Crustacea {Varuna 
Utterata, Pakemon lamarrei, Caridina nilotica, Mesopodopsis orientalis 
and various Calanoid and Cyclopoid Copepods), and Coelenterates 
(Phytocoetes gangetica and Campanulina ceyhnensis). The Pulicat % 
Lake on the Madras coast was once an open bay but is now land- 
locked, and the occurrence of such genera as Ostrea, Mactray Area, 
Murex and Calyptrea, and Balanus, among Molluscs and Crustacea, 
Polydora, among PolychsBtes, and Sycon among Sponges shows that 
the fauna is entirely of marine origin. The Ennur and Adyar back- 
waters and those on the west coast have more or less similar features 
and are inhabited by a large number of marine and brackishwater 
forms. Amongst the latter are several interesting andi perhaps 
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endemic species belonging to the groups Actiniaria, Annelida, 
Polychseta, and Mollusca. 

Pond Fauna^. 

The constituents of this fajina belong generally to ceftain widely 
distributed families and genera in the Indian Empire, and the genera 
and species whicfi occur in a pond vary only slightly in different parts 
of the Indian Region. Amongst the small animals which occur in a 
pond with a muddy bottom and aquatic vegetation may bo included 
snake-headed fivsh Cat-fishes, Carp-minnows {Puntius), 

Top-minnows (Panchax) and other Cyprinodontid fishes, Perches, 
Ditch-eels fMastacemhelus), Turtles {Trionyx), and Frogs (Rana ) ; 
Insects such as the Libellulid and Aeschnid dragon-flies, the 
Neuropterous Sisyra indidi the larvae of which commonly live in 
the canals of Sponges, May -flies (Ccenia perpusilla), Water-beetles, 
Hydaticus vittatus and Cyhister confuaus, the Gyrinid, Dineutes 
indicus, and the Hydrophilid, Hydrophilus olivaceous, aquatic 
Bugs and Water-scorpions (Corixa, Nepa), Caddis-worms (Trich- 
optera), Blood-worms (Chironomidae), Mosquito-larvse (Culicidse) ; 
Water-mites (Acari) ; various MoWmca,* (Lymncm/Tndoplanorbis, 
Gyraulus, Melanoides, Viviparus, Bithynia, Gorbicula, Sphcerium, 
Potomida, Indonaia, and Lamellidens) ; Polyzoa (Hislopia, Lopho- 
podella and PlumateMo,) ; Leeches and Oligochaete worms ; Crustacea 
(Potamonid crabs, Palaemonid prawns, Ostracods, Cyclops and 
Daphnia among Copepoda and Phyllopoda) ; various species of 
Wheel-animalcules (Rotifera) ; Sponges {Spongilla) ; Hydra vulgaris, 
and various Protozoa (chiefly Amoeba, Vorticella and other Ciliates, 
and a few Flagellates). 

Lake^Fauna 

it * 

There are a few lakes, both in the plains and on the hills of the 
Indian Empire, of which the fauna has been investigated. The 
Manchar Lake of Sind in N.W. India, the Loktak Lake of Manipur 
in Assam, the Inl6 and the Indawgyi Lakes of Burma are the 
only freshwater lakes of any large size. The animals found in 
these do not constitute a true lacustrine fauna, because of the 
admixture of a large paludine element in it. The lakes of India 
proper, namely the Manchar and the Loktak, have generally a poor 
fauna the members of which are not specialized, but the most 
abundant species are those of Fish and Molluscs. In the 
Burmese . Lakes on the other hand the fauna is remarkably 
rich, more particularly in regard to Fish and Molluscs, both of 
which include peculiar and apparently endemic forms. In the 
Inl^ Lake (Annandale, 1918)' representatives of nearly all the 
freshwater groups of the animal kingdom are present. Amongst 
the forms peculiar to the Lake may be mentioned the Turbellarian 
{Planaria burmcensis), the Temnocephaloid {Caridinicola), the 
Grabs and Prawns (Potamon curtobates, PalcBmon ruaso), several 


( 


1 Bee. Ind. Mus., XIV (1918). 
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^aquatic Rhynchota (Notonectidse, Corixidse and Hydrometridfle), 
the Molluscs {Lymncea shanensis, Hydrobioides and the Viviparid 
Taia)y the Fish (Barbus schfiuicus, Sawbiua resplendenSy Microrasbora 
^rythromicTwi, Mastacembelus oaiesii and ilf. ocellatus). In the 
Indawgyi Lake (Prashad and Mukerji, and Rao, 1929) on the 
other hand the fish fauna is fairly rich and the Mdllusca are poorly 
represented. Amongst the fish, the Siliirid, Olyra horai, the Cyprinid 
Barbus sewelli and B. myitkyiruBy and the curious pipe-fish like 
Iridostoinus paradoxus, amongst the Molluscs, Viviparus iudaw- 
gyeusis and Lymncea decussatula are the only endemic species present. 
One chief characteristic of the true lacustrine fauna of the Burmese 
Lakes is the occurrence of a large number of individuals of the 
■endemic species. • • 

Littoral and Beach Fauna. ^ 

It is somewhat difficult to give a generalized account of the 
fauna of the sea-coasts owing to the great variety of habitats. 
There may be long stretches of sand, or of sand* and mud, broken 
up by creeks ot swamps as on the east coast ; or the coast line may 
be rugged and rocky as on the Bombay coast. Fringing reefs in 
shallow water occur along the Gulf of Manaar,the Mergui Archipelago 
and the islands of the Andaman and Nicobar groups. In some places, 
as along the west coast of the Andamans, the reefs may have a 
formation not unlike that of a Barrier Reef. Atolls are charac- 
teristic of the Laccadive and Maidive groups of islands. T^e fauna 
of the sand and mud along the coasts consists of animals which 
burrow or live in burrows, and those that run or skip — Actinians 
(Phytocceles, Cerianthus), Alcyoijarians ( Virgularia), Echiuroid 
worms (Thalassema), Sipunculpid worms (Sipunculu^, Polychaeto 
worms (Capitellidae, Spionida3 and Ariciida?), various Crabs (the 
Mole-crab Uippa asiatica, the Calling-crab Uca annulipes, and 
other species of Scopimera, Dotilla, Macrophthalmus, Ocypoda), 
Molluscs (Harpa, Solen, Potamides, Pyrazus), the Lancelots (Doli- 
chorhynchus, Branchiostoma), and the Gobies — Periophthalmus 
and Boleophthalmus. A few insects (biting sand-flies, the carrion- 
eating Dipterous Sarcophila cinerea, the beetle Cicindela hiramosa), 
the Hermit-crabs, Coenobita, Birgus latro (on the Sentinel Islands 
only), and the land-crabs, Cardiosoma, Pelocarcinus, Oeograpsus, etc., 
usually haunt the sea-coast in search of food. The fauna of the 
coral reefs up to a depth of 1 fathom is perhaps the most varied 
and interesting from the point of view of the Invertebrate fauna 
and includes representatives of nearly all the groups of marine 
animals. Here one may find various forms of corals (Astraeidgo, 
Madreporidae and Poritidae), encrusting Tetraxonid and other 
Bponges, Alcyonarians (Alcyonium, Telesto), Actinians (Phelliidae 
and Sagartii(i»), various Echinoderms (Holothuria, Synapta, Astro^- 
pecten, PerUaceros, Ophiothrix, Temnopleurus, Echinometra, etc.), 
tube-forming and free -living Polychaetes, encrusting Polyzoa, 
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boring Sipunculoid worms (Phyacoaoma, Aapidoaiphon), Turbel- 
larians, various Mollusca (Chitons, Limpets, TrochidsB, Neritidse, 
LittorinidsB, Gerithidas, Cypraeidae, NudiJ^ranchs), Crustacea (various 
Decapod crabs and prawns, lobsters, Alphaaids, locust-sbrimps, etc.) 
the Spider (D^is inermia), add the composite Tunicates {Botrylluay 
etc.). On rocks^between tide-marks or at greater depths the fauna 
consists of various Hydroids, Actinians (Actiniidas, Discosomidae, 
Coralliomorphidae, etc.), encrusting arborescent {Dendrophyllia) 
and solitary corals (Heteroayathua), Alcyonaria {Spongodea, Pteroidea), 
Echinoderms (Sahnacia, Actinometray Ophiocoma, Pcdmipea)^ tube- 
forming Aanelids (Serpulidac), sedentary and boring Molluscs 
(VermetidaB, Lithodom/ua), Crabs (GrapsidaB, XanthidaB, etc.) and 
the BlenniLd fish Andamiat The sea-weed fauna is almost as varied 
as that of the reef or rock fauna and includes Hydroids, small 
Actiniasis and Sponges, encrusting Polyzoa, small Nudibranchs, 
Amphipods, Ox 3 iThynch and Dromiid Crabs, and Pycnogonids. In 
rock pools one may find the corals Poritea and Meandrina, the 
brittle star OphiothriXy various Crustaoca such as QrapauSy Crypto- 
dromifiy Thalamitay Alphxeuay etc. and amongst fish the perches 
{Priatiponuiy Therapon), grey mullets and eels. 

ANOCALS with a KB9TRIOTBD OR LOCAL DISTRIBUTION. 

Before closing this OutUne reference must be made to certain 
rare and interesting elements of the Indian fauna which have a 
more o^ less restricted area of distribution. Among these may be 
mentiBned the Onychophoran, TyphloperipcUtia mUiamaoni (Kemp, 
1914) found in cMnks and crannies under large stones in scrub 
jungle at the foot of the Eastern Himalayas in the Abor country, 
the freshwater Littorinid Cremnooomhua ayhadrensia which occurs 
at the edge of water falls at Khandalla in the Bombay Western 
Ghats (Hora, 1926), the Succiueid Lithotia rupicola living in a similar 
habitat at Khandalla, the Aetheriid Bivalve MuUeria dalyi found 
hitherto only in the Kadur Dt. of Mysore State, the jfreshwater 
Medusa, lAmnocnida indica (Bao, 1932) found in the smaller streams 
of the Upper Kistna river system on the eastern slopes of the 
Western Ghats, and the limbless CsBcilian, Herpde fvMeri (Alcock, 
1904) found only in the Cachar Dt. of Assam. Of these, the Molluscs 
are found nowhere else, and the occurrence of a Littorinid on the 
wet spray-covered cliffs of Khandalla far from the sea with a gill 
and a branchial chamber, and breathing unlike any known Pulmon- 
ate or Prosobranchiate Mollusca is indeed a remarkable fact of 
distribution. The Medusa has its closest relations in the fresh- 
water lakes and rivers of Africa and China, while the only Indian 
representative of Onychophora from the E. Himalayas ^s close 
af^ties with the Malayan spades on the one hand and the Neo- 
tropical species on the other. The other species of the CsBciUan 
genus Herpde have been found only in W. AMca and the Panama 
region of America. 




EXPLANATION OP PLATE V.. 


Spars© jungle in Burma with a herd of Bison (Bibos ganrus), 

(See pp. 94-101 of the text for details of the fauna characteristic 
I of sparse jungles in the Indian Region.) 


Reproduced by courtesy of Bombay Natural History Society. 
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Rao : The Fauna of India, Plate V. 



EXPLANATION OF PLATE VI. 


Fig. 1 . — Desert tract of Sind. 

(See p. 117 of the text for the fauna characteristic of desert 

tracts.) 


Fig. 2. — ^Water-fall and hill-stream, Khasi Hills, Assam. 
(See p. 118^ of the text for details of the hill-stream fauna.) 

Both illustrations reproduced by courtesy of Bombay Natural History 

Society. 
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Plate VI. 




EXPLANATION OF PLATE VII. 


Fio. 1. — Palm-fringed brackish water‘‘’miid-flat, Sundarban. 


Fig. 2. — Sundarban estuary of Malancha River, Bengal, at high 
, tide. 

(See pp. 119-121 for details of the fauna characteristic of 
estutaries.) 

Both illustrations reproduced by courtesy of Bombay Natural History 

Society. 
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Introduction : Pre- and EaMiY-Historic Cultures and Races. 

The ethnic composition of the people of India, consists, as 
elsewhere, of several racial strains, which came independently at 
different periods — ^from the Palaeolithic to the Recent Historical 
times. Of the movements of Early Man we possess no direct 
evidence as to the regions from which he came, but in the control 
exercised by India’s topographical conditions in directing racial 
movements into the country, we have some unmistakable pointers 
regarding the sources of these drifts. No racial invasion could have 
taken place from across the seas before the art of navigation was 
acquired by Man, and the mountain barriers on the North were 
likewise impassable. Man therefore could only have reached this 
country through the gaps in the .mountain chains on her western 
frontiers. On the eastern side, the dense forests and the difficult 
mountain passes make it less probable for Early Man to have used 
these routes, in any considerable ektent. Very few artifacts as 
relics of Early Man s handiwork, have so far been recorded fron? 
these parts, but in the heart of the country itself, specially in 

( 125 ) 
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Central and Southern India, along riverbeds and hill terraces, 
crude and polished stone implements have been found in great 
abundance. But until recently we had no stratigraphic evidence 
of the age and culture-sequences of the Stone-Age Man in India. 
The Yale-Cambridge-India Expedition, which recently surveyed the 
Pleistocene in .Kashmir and North-Western India, has not only 
found ample evidence of human occupations from the Early 
Palaeolithic to the Late Neolithic times, but has also been able to 
at least tentatively fix their chronology by correlating them with 
the glacial cycle in the Kashmir regions. It appears that there were 
four major glaciations in the Himalayan regions with three inter- 
glacial periods. The earliest relics of human occupation such as 
‘ rolled flakes and well-worked hand axes ’ closely resembling 
those belonging to the Acheulcan Culture of Europe were found in 
the ‘ b,oulder conglomerate stage about the end of the Second 
Ice advance. This hand-axe culture was replaced by another which 
appeared after a long erosion interval and lasted from the Second 
Interglacial to the Fourth Glacial Periods, and very appropriately 
named the ‘ Soan Culture ’ by de Terra from th^ presence of a 
large number of sites in the Soan Valley. This is essentially a 
flake culture and is typographically allied to the Moustierian flake 
industry of Western Europe. Over the remains of the Soan Culture 
abundant evidence was discovered of Microlithic, Proto-Neolithic 
and early Neolithic industries akin to that of North Europe and 
having also some resemblance to the Upper Palseolithic Cultures 
of North Africa. De Terra’s Survey was fruitful in another direction 
also. In the excavation of the Megalithic site at Burzahom, near 
Srinagar in Kashmir, he discovered in the lower strata (Late 
Neolithic), black varnished ceramic ware identical with those 
found in Mohenjo-daro. His investigations, therefore, not only 
carried the prehistory of Man in the Indus Valley to the beginning 
of lithic industries, but has provided, what may prove to be the link 
connecting the Neolithic and Chalcolithic Civilizations of India. 
l>e Terra’s and Teilhard’s Survey of the Narbadda Valley and the 
Palaeolithic site of Khandivli, about 20 miles from Bombay, showed 
further the extension of the Lower Pleistocene and the Soan Cultures 
of the Indus Valley to these regions, proving if proof was needed, 
that the Palseolit^hic man must have entered India through the 
North-West, and spread gradually throughout Central and 
Western India. It is also probable that the Stone Age cultures 
of Southern India were only extensions of those of the Narbadda 
Valley. 

Unfortunately however, no trace of the skeletal remains 
of Early Man associated with these finds, has so far been discovered 
in any part of India enabling us to judge his physical type and of 
his possible affinities with the Stone Age races of Europe and other 
parts of Asia. Indeed with the exception of the fossil skull found 
at Bayana, but which is of uncertain antiquity, the skeletal remains 
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that may definitely be considered as providing landmarks in the 
racial history of India, are those belonging to the Indus Civilization 
between the third and the second millenia B.C., and the remains 
of the monks etc. at the DUarmarajika Monastery at Taxilla which 
was sacked by the White Huns in tJie Fifth Century A.D. The 
innumerable ruins of a Megalithic character, which are strewn 
all over Western, Central and Southern India, undoubtedly treasure 
a wealth of skeletal materials but with the exception of a small 
number — ^and these mostly by European Explorers — very few of 
these ruins have so far been excavated. 

If we consider the skeletal remains during the Chalcolithic 
times, the population of the Indus Valley consisted in the main 
of moderate statureej, people with lon^ head, narrow prominent 
nose and long face, but not physically very powerful. There was 
also present another long-headed type, very powerfully biylt and 
possessing a tall stature. They had stout eyebrow regions and were 
very large- brained — the average cranial capacity being higher 
than that of the modern European. A characteristic feature of 
this race was the enormous growth of the post-auricular parts of the 
skull, forming in some cases more than half of the total cranium. 
In addition to these two long-headed strains, there was a distinctly 
broad-headed element with high cranial vault and prominent nose. 
The back of the skull among this type varied from a round to 
a vertical flat shape of the Armenoid Kacjc. All these three groups 
also occurred in ancient Al-Ubaid and Kish, showing that the 
racial strains of pre-Sargonic Mesopotamia and the Indu.^ Valley 
during the Chalcolithic times, were closely allied. 

The prehistoric sites so far excavated in Central and South 
India, are all associated with Iron, and arc probabljj of a much 
later date. From one of these? sites only, namely that of Aditan- 
allur in the Tinnevelly district of the Madras Presidency, several 
human skeletons have been recovered. In the rest, the evidence 
available is very scanty, cither because the excavators were not 
acquainted with the scientific technique employed in the pn?serva- 
tion of bones or that they did not consider them to be of sufficient 
importance to preserve I 

The majority of the skulls from Aditanallur discloses a dolicho- 
cranial and mesorrhine type not unlike the onp which underfies, 
in a large measure, the present Indian population. The late 
Prof. Elliot Smith, who examined some of the better preserved 
specimens from the Madras Museum, noticed a definitely Australoid * 
and an Armenoid strain among them. Lastly Meadows Taylor, 
who was one of the earliest investigators of the Megalithic monu- 
ments of South India, has published the drawing of a skull from 
the famous ruins of Jewurgi showing pronounced negroid 
characteristics. '* 

Of the early historical period our materials are mainly confined 
to the human remains discovered at the Dharmarajika Monastery 
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at Taxilla which was sacked by the White Huns about the end of 
the 5th Century A.D. The racial type disclosed here is also long- 
headed but possessing a lower cranial vault and a larger head breadth. 
The posterior parts of the skull are not‘markedly developed. The 
face is very long and the nos® fine and highly pitched. All these 
traits clearly distinguish these remains from those of the Indus 
Valley during the Chalcolithic times, and suggest the possibility 
of a later racial drift. 



Text-fio. 1. — Outline drawing of the skull from Jewurgi. 
Reproduced from Meadows Taylor. 


These, are about all the evidences we have on the racial types 
of Man during pre- and early-historic times in India. They are 
unquestionably very meagre and defective, and deal only with 
a small section of India’s racial history. Of the rest of the early 
racial movements we have no information either as to the time 
of their advents or the precise nature of their ethnic compositions. 
However, such as the material^ are, they nevertheless enable us 
to‘'trace, at least some of the major strains in the modem Indian 
population, to prehistoric times. 
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Ethnic Composition of Present-day India. 

We have no bony remains of a definitely Negrito race from any 
Til * TM ‘t prehistoric burials so far excavated, but 

e egn os drawing of the Jcwurgi skull (text-fig. 1) 

from Cairn E, published by Meadows Taylor is undoubtedly Negroid. 
The presence of the Negrito race in the Andaman Islands and in the 
interior of the Malay Peninsula has been known for a long time, 
but in the mainland of India, its presQ^iee though suspected was 
hitherto not confirmed. Hutton, however, has recently shown 
that frizzly hair is not an infrequent occurrence among -4ihe Angami 
Nagas and T have drawn attention to the presence of spirally curved 
hair — as did also Lapique — among thci Kadars and Pulayans of 
the Perambiculam and the adjoining Annaimalais Hills of Soutlu^rn 



Text-fi(3. 2. — Racial Map of India (approximate). 


1. Negritos; 2. Proto- Australoids and Negritos ; 3. * l^asic * Dolichos 
and Proto -Australoids ; 3a. ‘Basic’ Dolichos Alpo-Dinarics and Proto- 
Australoids; 3b. ‘Basic’ J3olichos, Alpo- Binaries and Proto- Australoids 
with small elements of Orientals and Proto -Nordics ; 4. Alpo-Dinarics and 
Orientals with a sprinkling of Proto-Nordics ; 4a. Alpo-Dinarics and 
‘ Basic ’ Dolichos with small proportion of Indus and Proto-Nordic types ; 5. 
Proto -Nordi(;s and Indus with some amount of Orientals ; 5a. Indus 
and Proto-Nordics with ‘ Basic ’ Dolichos as a small element ; 6. Orientals 
and Brachy Mongoloids ; 7. Brachycephalic Mongoloids ; 7a. Short Brachy 
Mongoloids; 8. Dolichocephalic Mongoloids ; 8a. Dolicho-Mongoloids with 
a small proportion of ‘ Basic ’ Dolichos and Alpo-Dinarics. 
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India. The Andamanese, as is well known, are a black pigmy- 
race, living in the forests of the islands of the same name in the 
Bay of Bengal, which have sheltered them from an immemorial 
time, though in view of their rapid exWrmination, it is doubtful 
how long they will continue to^do so. They have a dark chocolate 
brown skin colour* approaching black, with wooly hair, often having 
vacant intervening spaces between little knots of hair. Their 
head is broad, the face round and the nose flat and broad. 
Steotopygia is present amo^g women and also to some extent among 
men. Among the Kadars, the mean stature is slightly higher, being 
1566 mm. apainst 1486 mm. for Andamanese males. The average 
skin colour is also dark chocolate brown, but not quite black. The 
hair is of the frizzly type^ with long spirals, resembling those of 
the Malenesians of New Guinea. Short spirals — but not of the 
pepper-^om type — though rare are not altogether absent. The 
face is short and often projects forwards with broad short noses 
and thick everted lips. What distinguishes the Kadars from the 
Andamanese however is the shape of the head. It is never truly 
brachycephalic as that of the Andamanesq, but long, though among 
some of the frizzly haired men, the Cephalic index rises up to 79.29. 
In this respect the Kadars resemble more the Semangs of the 
Malay Peninsula, who are also mesocephalic, but closer still the 
Malenesians, who are predominantly dolichocephalic with long 
spirally curved hair (Plate VIII, figs. 1-3). 

What exactly was the original type of the Indian Negritos is 
of coursd difficult to say. But judging from the recent discovery of 
Mr. Sarkar {Nature, CXXXVII, p. 1035, 1936) of a brachycephalic 
young man with clear wooly hair among the aborigines of the 
Bajmahal Hjlls of Bihar (PlatcWIlI, fig. 4) and the presence of 
mesocephals among the Kadars, it stems not improbable that the 
original type was not unlike that of the neighbouring Negrito tribes, 
specially the Semangs, who it is interesting to observe, possess a large 
number of designs in their combs identical with many of those used 
by the Kadars. .It is true that at the present moment we have a few 
remnants only of this race in specially isolated tracts, but judging 
from its presence among the Angamis in the North East, Bagdis 
of the Bajmahal Hills of Bihar, and the Kadars of the extreme 
South West, it appears not unlikely that it had at one time a much 
wdder distribution, though now submerged, excepting in these 
marginal areas where it has managed to survive as the last relics 
' of an ancient race. 


The Australoid type so conspicuous in the Tinnevelley sites 
The Pr t prehistoric times and in other Megalithic 

Australoids remains of Peninsular India is one of the major 
elements in the aboriginal population of this 
country. A comparison of Aditanallur skulls with some of the 
authentic Munda crania in the collections of the Indian Museum, 
leaves no^room for doubt that in the general shape of the cranium, 
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the development of the lower forehead, the depression of the nasal 
root, the breadth of the nasal bones and in the projection of the 
facial parts, the two are essentially alike. 

Among the aboriginal Indian population, specially those of 
Central and Southern India, there Are many who show a marked 
development of the supra-orbital ridges along with a sunken nasal 
root, but in the majority however, this trait is not pronounced, 
though in the shape of the head, the form of the nose, the projection 
of the face, skin colour and structure of hair no significant differences 
are observed. 

If we compare these tribes with the Veddas of 41 by Ion, and 
the aborigines of Australia, we find that in the shape of the head 
and the face, the form of hair and, skin •colour, the three are essen- 
tially alike, though the Australians are taller and show larger absolute 
dimensions of head than the other two. The Veddas ax*e closer 
to the Australians, than to the Indian tribes, who are the smallest 
of the three. Among the Australians also the brow ridges are more 
marked and the body hair is more profuse. In fill these characters 
there seems to be a reguUr gradation, the shortest and the smallest 
being the Indian tribes, then corntj the Veddas, and lastly the 
Australians. We may assume then that all the three belong 
essentially to the same stock, the Indian tribes retaining the more 
basic characters, and the two extra-Indian groups having developed 
some of the features in a more marked manner. The most appro- 
priate term to apply to them therefore is ProlO’Amtraloifl which 
shows best the genetic relationships between the three (Plate VIII, 
figs. 5-6), 

The whole of the Central and Southern Indian tribes belong 
essentially to this type, though •J)ertaimng to different linguistic 
families. The same can be said of the tribes of Western India 
and the partially reclaimed groups in the Cangetic Valleys who 
form the outer layer of the Hindu social system at the present times. 
The Bhils, Kols, Badagas, Korwa, Kharwar, Munda, Bhumij 
and Malpaharias living in the Central Indian highlands and the 
Chenchus, Kurumbas, Malayans and Yeruvas of South India may 
be regarded as some of the representatives of this race, though 
the amount of admixture with other types specially the Negritos, 
in each of these tribes is not uniform. It is ^certainly stronger 
among the tribes living in the marginal areas of S. India than 
among the Central Indian groups. 

We have no definite evidence as to the times of the respective 
drifts of these races into India but judging from their distribution, 
the Proto-Australoids appear to be later, whose pressure it may be 
presumed, the more primitive Negritos were not able to withstand 
and were gradually driven off to Iqss hospitable regions. In the 
process of this expansion, the Proto- Australoids unquestionably 
have absorbed a large amount of their blood in varying 
proportions, to which must be ascribed some of the djiferences 
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noticeable in these tribes — specially between those of the Central 
Indian highlands and the Southern Indian hills. 

One tiling that comes out most plearly when the somatic 
characters of the people inhabiting the plains 
chocephalic^'^pe India jfre compared, after the various 
• aboriginal strains are eliminated, is the pre- 
dominance of a type of medium statured, long headed people. It is 
characterized by high cranial vault, a narrow, vertical forehead often 
bulging, with the supra-orlvtal ridges but faintly marked. The face 
is short with prominent check bones and pointed weak chin. Th(j 
nose is moderately prominent and long but the nostrils are spread 
out giving a low mesorrhine index. The lips are full and the 
mouth is large. The skin colour varies from a rich to a djirk 
tawny brown and the eye is invariably black. The hair is straight 
but inclined to be wavy and is moderately present both on the 
face and the body (Plate VIIl, figs. 9-12). 

This is the type par excellence of Southern and a large 
component of the* lower section of the population of Northern 
India, though among the upper classes even, it is not altogether 
unknown. It has been suggested that this race has evolved in the 
open grasslands of the Deccan out of the Proto-Australoid race 
mentioned before. I find this view difficult to accept for several 
reasons, one of which is, that it is universally acknowledged that 
the form of the nose has a great diagnostic value in the differentiation 
of races, but it has also been shown that warm and moist cHmate 
has a tendency to broaden the nostrils by ‘ snuffing up great quanti- 
ties of warm and moist air through the nose ’, whereas, ‘ the cold 
air of northern climates needs to be warmed up by passing through 
a high narrow nose charged with^blo^od*. If this be so, it is incon- 
ceivable how the flat broad nostrils seen among the aborigines 
of Central and Southern India, could become narrower and more 
pronounced after prolonged habitation in the hot and moist climate 
of the Indian plains. 

A second and more weighty consideration in the close resem- 
blance of this race with that described by Elliot Smith from the 
skeletons found in the Pre-Dynastic graves of Upper Egypt. Here 
also <the type is loijg headed and the body long and slender. The 
forehead is similarly vertical and bulging with poorly developed 
eyebrow ridges and the nose small and likewise Wad. We have 
no evidence as to when this race first came to India but among 
the crania found at Aditanallur and several of the Cairns of the 
Deccan, it occurs as the prevalent type. In Europe, the Megalithic 
monuments are assigned to the Late Neolithic times and the racial 
affinities of the people who introduced that culture are broadly 
classed as Cro-magnon. We have seen that Dr. de Terra has 
dMnitely established that in the N.-W. India, the Megalithic 
remains qIso belonged to the same times. In Central and Southern 
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Indict, on the other hand, the Megalithic Culture was associated 
with bronze and iron and must have been more recent. The 
high percentage of tin in the bronze objects of Aditanallur and 
the Cairns of the Deccan and Central India, shows the intimate 
connection between the cultures of •these places, as against that of 
the Indus Valley where the percentage of tin is very low. 

We have not found so far any remains of man in the Megalithic 
sites of North-Western India, but from the crania discovered at 
Aditanallur and the Deccan Cairns, would seem that a race 
allied to the one which inhabited the Pre -Dynastic Egypt and 
appeared to have a wide distribution, from North Africa to the 
Indian frontiers in ancient times, brought this culture to India 
uuiing the Neolithic times. The pngsence of bronze and iron 
objects in Central and Southern Indian sites, however indicates, 
that the use of these metals was learnt subsequently—probably 
in the Indus Valley, and with this knowledge they were able to 
work the easily procurable copper and iron ores, when pushed to the 
plateaus of Central India, and from where the^ gradually spread 
over the whole of the Deccan and Southern India, conquering and 
partially mixing with the older Proto -Australoid races, who in 
their turn had driven out and absorbed the more primitive Negrito 
tribes. 


This older and more basic strain must be distinguished from 

the two dolichocephalic types found in the 

® ' Indus Valley during the Chalcolithic; times, 
brained Chaleo- rr.i__ , 


Hthic^ype ^ powerfully built large-brained Ace with 

well developed supra-orbital regions and 
enormous growth of the post-auricular ^ parts of the skull, whose 
earliest relics are found at Mekrtin, the open burialfc of Harappa, 
and the lower strata of Mohenjo-daro, survives to this day in 
the population of N.-W. India as shown from Eickstedt’s dis- 
covery of ‘ a coarse type with robust proportions, overhanging 
occiput and prominent superciliary ridges but with lighter 
complexion ’ among the Punjabi soldiers imprisoned by Germany 
during the War. The more delicately made smaller type with 
sharp well-cut features and fine narrow nose, whose remains 
were also found in abundance in all the sites from Nal to 
Mohenjo-daro, though resembling the Cairn b^iilders of S. India 
The Indus T e stature, slenderly built bodies and smooth 
e n us ype regions is nevertheless distinguished, 

from it by more refined features, lower cranial vault, well arched 
forehead and narrow high pitched nose. Its affinities therefore are 
closer with the Mediterranean race of Europe as distinguished from 
the older Badarian strain with which the South Indian appears to 
have been intimately connected. , 

In India this ancient ‘ Indus type * — to call it from the place 
of its earliest occurrence — seems to be later than the previous 
type, and as far as can be judged, responsible for the civilization 
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which developed on the banks of the Indus. Without doubt this 
early race has entered largely in the composition of the population 
of Northern India, specially the upper section, and provides one 
of the bases for that sharp distinction which marks the people 
of Northern from Southern India, though among the Brahmins 
there, and upper i^lasses, its presence is unmistakable (Plate VIII, 
figs. 13-16). 



Text-fio. 3 . — Composite profile drawings of Aditaiiallur ‘ Basic dolicho- 
cephalic ’ ( ) and Mohenjo-Daro ‘ Indus ’ ( ) skulls, 

superimposed. x J. 


t)n the racial framework thus built there has entered from 
the North-west (i) a Non-Mongoloid Brachy- 
4 Dlnaric Type cephalic race with round and broad face and 
long prominent nose. The earliest evidence 
of this race is found at Mohenjo-daro during the Indus period. 
In Harappa it occurs more frequently, specially at a somewhat later 
date,and it is here for the first time that the piano or flattened occiput 
so characteristic of the Armenoid race is met with. Elliot Smith 
reported the occurrence of a similar type at Aditanallur, and 
in* some of the crania excavated from the Cairns of Hyderabad 
by Hunt^ its presence was also noticed. At the present moment 
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the E^ftfchycephalic Non-Mongoloid races are dominant in Guzrat, 
iCanara and Bengal, and mixed with the older basic long-headed 
type and the Proto-Australoid races, it occurs very largely in the 
Maharashtra and the Tamil country. There is a certain amount 
of local variation in this type, •that of Guzrat for instance 
being shorter and lighter in skin colour than the? rest — but in the 
fundamental traits there is an essential agreement, showing that the 
basic type was one or closely allied. In general terms this can be 
described as of short to medium stature, J;)road high head with some- 
what receding forehead, and piano or flattened vertically inclined 
occiput. The face is short among the Guzratis but longer in Bengal, 
and the long nose is prominent and often arched and convex specially 
in the former. The^ skin colour varies from a pale olive among 
the Nagar Brahmins and Coorgis, and light brown among the 
Bengali Kayastha, to dark tawny brown among the TamihChettis. 
The eyes are round and horizontal and the hair is generally straight 
and profuse on the face and body. In general shape and features 
the affinities of this type are closer with the*‘ Dinaric ’ race of 
Eastern Europe rather Ijian mth those of the ‘ Armenoid ’ who 
possess some of the characteristics in a specially intensified form 
(Plate IX, figs. 5-12). 

The recent discoveries of Bertram Thomas have definitely 
established the existence of brachycephalic types in South Arabia 
of which the ‘ Omani ’ appears to be Armenoid. We have no 
evidence of its occurrence in India before the Chalcolithic times, 
but from then onwards it certainly had drifted along the^Westem 
littoral into Kannada and Tamil lands, leaving Malabar and Andhra 
unaffected. An eastward movement seems to have penetrated 
early into the Gangetic delta Idhving a distinct trail in Central 
India and Bihar. No adequafo reasons exist for thinking, as some 
have done, that the brachycephaly in the Gangetic delta is continuous 
with that existing in the plains of Burma. Apart from fundamental 
differences in the physical types in these two places, the dense forests 
and the mountain barriers formed by the Patkoi, Naga-Lushai, 
and the Arakan-Yoma Hills extending up to Cape Negrais, are 
formidable obstacles against any migration coming from the Burma 
side. The origin of the brachycephalic strain in the Gangetic 
delta is the same as that of Western India afid is probably the 
result of racial movements in South-west Siberia during prehistoric 
times which caused similar or closely allied types to appear also* 
in Eastern Europe and Southern Arabia. 


(ii) The racial invasion which has however caused the most 
profound change in shaping the culture and 
l^ordic*T 5 T)e history of India is the one associated with 
^ ^ advent of tjjie Vedic Aryans somewhere in 

the second millenium B.C. We have no skeletal remains from 


ancient India which can be definitely attributed to them, but in 


those recently discovered in the Dharmarajika monastery at 



136, 


FIELD SCIENCES OF INDIA. 


Taxilla, we probably get some idea of their racial type thoiiigh of 
much later times. The monastery was sacked by the White Huns 
in the fifth century A.D. and with the exception of one, all the 
human skeletons were apparently those of the monks who occupied 
the monastery. The features that distinguish these skulls from the 
other long-headed types found so far in India, are their comparative 
broadness, lower vault of their cranium and a mean cubic capacity 
as high as 1552 c.c. The nose is very highly pitched and narrow 
and the face well built and Jong. The lower jaw is powerfully made 
and the whole cranium and face give the impression of great physical 
strength. the present moment the type is found as the dominant 
element throughout the N.-W. Frontiers among the various Pathan 
tribes, mixed with what Eugen Fischer has calWi the ‘Oriental ^ race. 
Among the tribes living in the valleys formed by the Upper Indus 
and its tributaries of the Swat, Panjkora, Kunar, and Ohitral it is 
found in its purest forms, specially in the Kaffir tribes of the 
Hindukush mountains. In the Punjab and Kajputana and the 
higher classes of ‘Upper India it is also marked but increasingly 
more mixed with the two older t3rpes of dolichocephaly already 
mentioned. There is also a sprinkling of it in the rest of Northern 
and Western India but nowhere dominant (Plate IX, figs. 13-16). 

Among the Northern Mountain tribes ‘ the milk just tinged 
with coffee ’ skin colour of the North Indian upper classes, changes 
into the rosy white of North Europeans and there is a good per- 
centage of grey and blue-grey eyes, sometimes accompanied by 
chestnut'^or red hair, Kobertson wrote of the golden hair among 
the Red Kaffir women but I have found no instance of a truly 
golden or flaxen hair among any of these people, but of course 
Robertson had a much longer add wider acquaintance with them, 
while my knowledge was confined to the valleys of the Rambur 
and Bamboret and the adjoining hinterlands. Generally speaking 
however, the hair among these peoples varies from a brown to a 
light brown colour, but occasionally one notices a reddish tint. 
I doubt however, if this race in India can be strictly termed ‘ blond ’ 
in the same sense in which the people of Northern Europe are called. 
They can be more accurately described as partially blond or Proto- 
Nordics . Eugen Fischer has stated that the upper castes of Northern 
India retain the Nordic characters of stature, head and the nose 
without the fair tint of the skin. In the hot climate of the Indian 
, plains, the blonds were no doubt eliminated by natural selection, 
but if the hair colour of the Kaffir and the allied tribes now living in 
the cold secluded regions of the Hindukush mountains, be of any 
indication, the original type among the Vedic Aryans could not have 
been completely blond — a trait which appeared to have developed 
subsequently in its present ^form among the people living 
around the Baltic. The presence of light eyes among the Chitpavan 
Brahmins of Bombay, and in a very small degree among those of 
the United Provinces, Bihar and Bengal, shows that the influence of 
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Plate VIII. 



EXPLANATION OP PLATE IX. 


Oriental Type. 

f 

Fig. 1.— Kho of Chitral (N.-W.F.P.). 

Fig. 2. — Bania of Rajputana. 

Fig. 3. — Chatri from the Punjab. ^ 

Fig .^ 4. — Brahmin lady of Maharastra. 

AlpO‘Dinmie Type. 

Fig. 5. — Kathi from Kathiawar. * 

Fig. 6. — Bania from Guzrat. 

Fig. 7. — Parsi lady of Ahmedabad. 

Fig. 8. — Kanarese Brahmin of Mysore. 

Fig. 9. — Baghel Rajput from Rewa. 

FiG.dO. — Bengali Brahmin of Calcutta. 

Fig. 11. — Bengali Vaidya lady of Calcutta. 

Fig. 12. — Bengali Kayastha of Calcutta, 
c 

Proto-Nordic Type. 

Fig. 13. — Red Kaffir from Rambur (N.-W.F.P.). 

Fig. 14. — ^Khalash from Rambur (N.-W.F.P.). 

Fig. 15.— Kho from Chitral (N.-W.F.P.). 

Fig. 16. — Pathan from Bijaur (N.-W.F.P.). 

^ (r 

Figures 4, 6, 11, 13-16 are reproduced from the Census of India, I, pt. 3, 
1936, by kind permission of the Home Department of the Government of 
India. 
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this tyjp^ extended far beyond the North-Western parts, of which 
traces alone now remain in the outlying regions. 

(iii) In addition to this lighter element, in the whole of the 
rru r* North-West there is another intruding element 

which Fischer has called the ‘ Oriental In 
this the skin colour is fair but the eyes and 
hair are black and the nose is markedly long and aquiline. Among 
the Badakhsis of Northern Afghanistan this is the dominant type^ 
and throughout the Pathan country fqim Dir to the Khybar it 
forms a strong layer. The short longheaded type which extends 
from Chitral to Western Nepal, and is the characteristic type of the 
Himalaya Mountains, appears to be a variant of this type, and 
must have come very, early into the WesJjem Himalayas from where 
it had spread all along the sub-Himalayan regions (Plate IX, figs. 
1-4). 


In the plains of India the ‘ Oriental ’ strain, though i)resent, is 
not however strongly felt except in the Punjab where it is con- 
spicuous among certain sections. Among the^ higher classes of 
the Moslems of Upper Ir^dia, the ‘ Oriental ’ type also survives as 
the relic probably of the Pathan invaders, who as judged by the 
Badakshis of North Afghanistan must have contained this element. 

The main movements of the Mongoloid races appear, to have 
Th Tib passed by India without affecting its population 

to any considerable extent, except the sub- 
Himalayan region, Assam, and the lands adjoin- 
ing the Eastern Frontiers and Burma. The true Mongol races, 
as seen among the Turki speaking peoples living in Chinese 
Turkistan, and in and around the Taklamakan Desert, such as the 
various Khirgiz, Kalmuck and ehe Uzbeg tribes, £« yet remain 
outside the Frontiers of Indii excepting the plateaus south-east of 
the Karakoram Ranges adjoining Tibet, where the Chiangpa have 
made their home. They are an intruding race of pure Tibetan 
origins. The more north-westerly Ladakhi also show distinct 
mongoloid characters such as high cheek bones and oblique slit- 
eyes, but contains at basis the racial strain characteristic of their 
neighbours, the Purigi and Machnopa, etc. which appears, as has 
been already remarked, to be a variant of the ‘ Oriental ’ race which 
settled very early in the Western Himalayas. 4!>om the Chietngpa 
to the Bhutan Hills north of Assam, the Tibetan strain appears 
as the dominant element amongst the Lahoulis, the Limbu, the^ 
Lepcha and the Rongpa, who occupy the entire mountain valleys 
as far east as the Bhutan Hills. The chief characteristics of 
this strain is medium to tall stature, round broad head and face, 
with high cheek bones and long flat nose. There is very little 
hair on the face and the body, and the skin colour is light brown 
tinged with a reddish tint (Pldte VIII, fig. 7). In Nepal proper, 
the people exhibit a gradual increase of mongoloid blood as dhe 
proceeds east and northwards; the basic type, however /ippearing 
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to be the same Non-Mongoloid strain as in the Western Himalayas. 
The Gurung, Murmi and the Gurkha tribes who represent tbe 
mongoloid element are darker and shorter than the Tibetan 
proper, with smaller broader nose and Ihss flat face, and represents 
a distinct local group. i 

The tribes living in the hills on the Northern and Eastern 
Frontiers of Assam represent a separate type 

cephalic Mongo- ^ wholly or with a 

loid Type tendenqv to be dolichocephalic, the transverse 

diameter being narrower, and the occiput pro- 
truding sonjewhat. In the flatness of the nose, face, high cheek 
bones, oblique slit-eyes and absence of hair on the face and the 
body, they are however essentially mongoloid, and must be 
regarded as a different branch of that great race which entered 
from South-Western China, and whose main body moved away 
towards the Indonesian islands through Burma and the Malay 
Peninsula, leaving a side-stream in the Assam Hills, such as that 
represented by the Miri, Bodo and the Naga tribes, and underlies 
the population of the Assam Valley in general, whose upper stratum 
however, shows traces of the non-mongoloid longheaded and pos- 
sibly brachycephalic strains which introduced Hindu Culture from 
Upper India (Plate VIII, fig. 8). 

In Burma, the racial type again is broad headed but short 
and rather dark, and seems to be more closely 
Vh allied to the Malays rather than to the taller 
^ort Mongoloid Assamese tribes. The 

Chakmas of the Tipperah, and the Mog tribes of 
the Arakan-Yoma Hills, appear to be the north-westernmost 
extensions of this type ; but excepting in the Chittagong districts 
and the strips adjoining the hills, neither of the two mongoloid 
strains appear to have affected the population of the Bengal 
plains, whose characteristic type is found in the central deltaic 
parts, rather than in the outlying districts. 

The above are the main strains in the racial composition of 


the people of Hindusthan. There were, however, 
%ypT*^ ^ some minor drifts also, one of which came from 
Oceania bringing the Outrigger Canoe and 
Cocoanut with it. ‘ Its influence appears however to have been 


confined chiefly to the southernmost strip of the Tamil Nad and 


, Malabar, though it is possible that a wave of this movement 
reached as far north as Orissa. It is probable that this factor is 
responsible for the slight mongoloid strain seen among some of the 


peoples of these regions. 


Concluding Bemabks. 

In the preceding pages an attempt has been made at indicat- 
ing the niain landmarks of the Racial History of India, and the 



guha: racial ethnology of India., 


139 


probable origin and distribution of the component strains which have 
gofte to make up the Indian people. The exact contribution of each 
race, however, to the formation of the various types that we notice 
at present^, is difficult to Assess, as our knowledge of the factors 
that control the reshuffling of gen^s in a mixed population, to 
produce the various recombinations is still far fijom satisfactory. 
Similarly the distribution of the main types into separate ethnic 
zones is only true in a general sense, for there is a considerable 
overlapping of types and no rigid division is possible in many cases, 
though broadly speaking a zone of Proifo -Nordics mixed with the 
Mediterranean and the Oriental in North-Western India, can be 
distinguished from a Peninsular Indian one containing an older 
and more primitive ^Dolichocephalic strain. On both sides of 
this is to be found the Plano-Occipital Brachycephalic race 
mixed with the types mentioned above. The Mongoloids^ occupy 
chiefly the submountain regions in the North and the East, 
while the dark aboriginal tribes are scattered all over the Penin- 
sular highlands, and many parts of the Upper Indian plains. 
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EXPLANATION OP PLATE VIII. 

Negrito Type, 

Pig. 1. — ^Andamanese woman. 

Figs. 2-3. — ^Kadars from Cochin hills. 

c 

Fig. 4. — Aborigine from Rajmahal hills of Santal Parganas, 
Bengal. 


I ’■* 

Proto- Australoid Type. 

Fig. 5. — Chenohii from Hyderabad-Deccan. 

Fig. 6. — Malayan woman from Cochin. 

li * 

Mongoloid Type. 

Fig. 7. — ^Mongol from N.-W. Tibet. 

Fig. 8. — Serna Naga from the Naga hills, Assam. 

o 

Basic DolicJiocephals. 

Figs. 9-'10. — Tamil Brahmins qf Madura. 

Fig. 11. — Illuva lady from Cochin. 

Fig. 12. — Telegu Brahmin of Vizagapatam. 


Indus or Mediterranean Type. 

^Fig. 13. — ^Nambudiri Brahmm of Cochin. 

Fig. 14. — ^Nair lady of Cochin. 

Fig. 15. — Behari Brahmin of Patna. 

Fig. 16. — Bengali Kayastha lady of Calcutta. 

Figures 1, 2, 5, 7, 8, 9, 10, 11 are reproduced from the Census of India, 
I, pt. 3, 1935, by kind permission of the Home Department of the Govern- 
ment of India. 
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Introduction. 

In attempting to describe the main outlines of Indian agriculture 
it has to be remembered that one is dealing with the agriculture 
of a sub-continent with a wide range of physical and climatological 
conditions as evidenced by the fact that there is hardly, any 
cultivated crop of the temperate, sub-temperate*and tropical zones, 
which is not grown, or which cannot be grown, in some part of it. 
Moreover it is characteristic of the agriculture of a large portion of* 
the country that the summer annuals of temperate climates are 
grown during winter and more truly tropical crops during summer. 
In quite important areas also the climate is so modified by altitude 
and aspect that crops of temperate climates are found in un- 
expected latitudes. ^ 

The population of India is 338 million. The total area ^of 
culturable land is about 450 million acres excluding a forest area 

( 141 ) • 
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of 83 iDillion acres, and the total gross cropped area sown each 
year approximates to 285 million acres. As might be expected, the 
character of the cropping is mainly determined by population and 
here it has to be borne in mind that tfie animal population of the 
country is approximately 310 million head of which 208 million 
are cattle and 97cmillion sheep and goats. It is therefore no surprise 
to find that the total area under cereal and pulse crops of all l^ds 
is no less than 244 million acres since these are the crops that are 
required for the maintenfmce of human and animal populations. 
Other food crops include the following : — 

j Million acres. 

Sugar . . . . 4*0 

Tea . . . . . . 0-8 

Coffee .. 0-2 

Condiments and Spices . . . . 2-0 

Fiuits and Vegetables, including root crops . . 4*6 

Total . . TR 

All the above figures include the Indian States hut exclude Burma 
tvhich has recently been separated from Ijidia. On ibalance India 
(apart from Burma) is a food-importing country, its average imports 
of rice from Burma and elsewhere amounting to approximately 
2*2 million tons per annum. Viewed as a single economic unit 
which it was until very recently and which it still is to a very 
great extent, India cum Burma exports approximately 1-9 million 
tons of food grains. It should bo added that the two principal 
cereal crops — ^wheat and rice — ^are, from the cultivator’s point of 
view, largely commercial crops, for it is estimated that 55 per cent, 
of the wheat produced enters the general trade of the country, 
45 per cent.^ being consumed in the villages of production. Of 
the commercial crops the most Important are cotton (25 million 
acres), jute and hemp (3 million acTes) amongst the fibres ; ground- 
nuts 8 million acres, linseed 3J million acres and rape and mustard 
f) million acres amongst oilseeds ; tobacco IJ million acres. In 
Appendix I will be found a table showing the total area in India 
including Indian States and Burma for those crops for which 
separate statistics are maintained but for very obvious reasons 
many of the minor crops have been grouped, for even a complete 
list df individual crops would make a volume of considerable size. 

The other dominating economic factor in Indian agriculture, 
which re-inforces the effect of dense population, is the smallness of 
the holdings and their fragmented character. Generally speaking, 
Indian agriculture is typical peasant agriculture, the number of 
landless agricultural labourers being rela tively small and the holdings 
being largely worked by the peasant and his family. Additional 
labour is required at certain times but a considerable proportion of 
this is provided by the village Itself. Despite the relatively large 
number of animals kept, mixed farming in the European sense of 
the word^has been little developed. The bullock is the principal 
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working animal though male buffaloes are also used to an appreciable 
extent and the greater part of the transport is also done by bullocks. 
Cows are maintained for the production of working bullocks as 
much as for milk, which ifi some parts of the country is largely 
supplied by the she-buffalo. • 

The dominant climatological factor in Indian agriculture is 
the monsoon and it is the characteristic of the greater part of the 
country that most of the rainfall occurs between the months of 
June and October, i.e., in the hot part o^the year, the winter being 
comparatively dry. 

Not only is the cropping and system of agriculture^ dominated 
by the character of the monsoon, but the Indian Budget has fre- 
quently been described as a gamble in rain. The greater part of 
the Indo-Gangetic Plain and the whole of the head of the Peninsula 
are served by the main monsoon lasting from June to October. 
The average rainfall for the whole of India during these months is 
approximately 40 inches, the actual for different belts ranging 
from about 15 (or less) to 50 inches with some special areas with 
much higher a^d much l<^wer precipitation. The general charac- 
teristic of the cold weather is a rainfall of 2 to 4 inches between 
December and March. Storms occur, mainly in North-West India, 
in April and May but make no serious contribution to the useful 
rainfall. Monsoon or kharif crops, as they are known in India, are 
produced during the period of greatest rainfall, the most important 
being rice, the millets, maize, a great vari(^ty of summer pulses, 
cotton, jute and groundnuts. This is also the principal •growing 
period of sugarcane which occupies the land a full year. In the 
greater part of India the cold weather or rahi crops such as wheat, 
barley, linseed, rape and mustard* are sown in Octob^r-November 
and harvested from March tb May. These crops depend very 
largely on the moisture which has been conserved from the previous 
monsoon period supplemented by such cold- weather rain as occurs 
and by irrigatioif. In the south of India, including the greater 
part of the Madras Presidency and large portions of the two great 
States of Hyderabad and Mysore, other climatic conditions prevail. 
Not only are temperatures higher and conditions more truly tropical, 
especially on the west coast, but the bulk of the rainfall is received 
in what is the dry cold weather in the greater part of India, 
October to February. In these areas also the alternations of 
kharif and rahi crops are practically non-existent and the only ^ 
crops grown are of the character of those grown in Northern India 
during the monsoon period. In South India, rice and millets are 
important food crops while long-staple cotton and groundnuts are 
the most important cash crops. 

Irrigation. 

It would be impossible for the existing cultivated area in the 
greater part of India to maintain its population at the present 
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standard of living were crops entirely dependent on rainfall., This 
is supplemented by irrigation and it is a commonplace that India 
is the greatest irrigation country in the world. Of the total 
cultivated area of 28C million acres nd less than 60 million acres 
are annually irrigated on thojaverage from one source or another. 
Of this area 30 , pillion acres are irrigated from canals, 15 million 
from wells and 15 million from tanks, streams and other sources. 

The degree to which different areas are dependent on irrigation 
varies considerably. The best known amongst the most modem 
Indian canal systems are those of the Punjab and Sind 
canal coloijies where rainfall is insufficient to mature any crop 
without irrigation and where land has literally been reclaimed from 
the desert and converted into fertile arable cultivation. Sind 
indeed is practically a rainless area and there are many parallels 
betweeij, its agriculture and that of Egypt. As we travel south- 
east we reach that portion of the Punjab and the great tract of 
the United Provinces where canal irrigation supplements natural 
rainfall, permitting of an extension of the kharif or summer season 
crop, or permitting of earlier sowing (which enables plpts to de velop 
well before the heavy rains begin) and supplementing the scanty 
winter rainfall to which reference has already been mad(j. Briefly 
it may be said that irrigation permits of at least the doubling of 
the yield of the winter crops and in most areas sugarcane cultiva- 
tion would be impossible without it. 

A word may be said about irrigation from well > as the 
total area irrigated from these annually is so large. Undoubtedly 
many of the wells are small, many of them yielding not more 
than HOO gallons per hour or thereabouts, so that even a 
comparatively light irrigation .means something like 60 hours 
work per acTc. The greater farfr of the water-lifting is done 
by bullocks though, where the wells are larger, small oil engines 
and centrifugal pumps are by no means uncommon. The usual 
water lifts are the Persian wheel and its various adliptations and the 
typical Indian mhote or charsa which is traditionally a leather bucket 
hauled by a rope over a pulley and drawn by bullocks walking down 
a slope. This also has many modifications. 

In many parts of India, for example in Bihar and also in the 
Boitfbay-Deccan, tjie United Provinces and the Central Provinces, 
irrigation from tanks and small lakes is of quite an important 
character. Some of these works amount to minor canals fed by 
* storage reservoirs on small rivers or by barrages at the necks of 
mountainous catchment areas. Others are of a more domestic 
character but all contribute to the same end, supplementing inade- 
quate rainfall. The traditional skill in the managemenb of some 
of these small water supplies is perhaps seen at its best in mountain 
rice cultivation where a small RilBstream is successfully trained to 
feed successive terraces covering several hill sides with a range 
of elevation of perhaps a thousand feet or more. 



BURT : AGRICULTURE AND ANIMAL HUSBANDRY IN INDIA. 145 


Soils. 

Four main soil types can be recognized in India, viz, : (1) the 
Red soils^derived from rooks of the Archaean system which charac- 
terize Madras, Mysore and the south-east of Bombay and extend 
through the east of Hyderabad and the Central Provinces to 
Orissa, Chota Nagpur and the south of Bengal. (^) The black cotton 
or regur soils which over-lie the Deccan trap and cover the greater 
part of Bombay, Berar and the western parts of the Central 
Provinces and Hyderabad with extensA)na into Central India and 
Bundelkhand. The Madras regur soils, though loss typical, are 
also important. (3) The great alluvial plains, agricftltiirally the 
most important tract in India as well as the most extensive, mainly 
the Indo-Gangetic •Plain embracing Sind, northern Rajputana, 
most of the Punjab, the plains of the United Provinces, most of 
Bihar and Bengal and half of Assam. (4) The laterite soils which 
form a belt round the Peninsula and extend through East Bengal 
into Assam and Burma. ^ 

The great alluvial plains are characterized by ease of cultivation 
and rapid res'ponse to ir/igation and manuring. Broadly speaking 
there are few soils in the world more suited to intensive agriculture 
so long as the water supply is ctssured. The other soils are less 
tractable and call for greater skill in management and are less 
adapted to small holdings ; of these the regur soils are the most 
valuable. 

Agricultural Implements. , 

As has already been said, practically all cultivation is done by 
draught bullocks and the capacity of these animals varies from 
district to district. The best ty’J>es in common use *re capable of 
handling what would be conMdered light single-horse implements 
in Europe. Reference has also been made to the importance of 
bullocks in drawing water from wells and in those tracts where 
the sugarcane is converted into gur (or jaggery) and not sold to 
modern sugar factories, bullocks are also used for crushing the 
sugarcane to extract the juice. Now simple three-roller iron mills 
are in vogue throughout the country though examples are still 
found of the giant pestle and mortar made of stone or wood which 
was the original form. Cultivating implementfc^are few and siVnple. 
In the alluvial areas a simple wooden plough with an iron or steel 
point for soil stirring is the main requirement and is supplemented 
by a heavy wooden beam in the middle which serves the combineef 
purpose of roller, clod crusher and soil compactor. With these two 
simple implements the cultivator of Northern India is able to 
carry out soil-moisture conserving operations with a precision which 
dry-farming experts of other countries might well envy. But 
these implements make an excessive demand on the limited bullock 
power and are not equally efficient for all purposes. In consequeAce 
the small iron plough has become increasingly popular <J.uring the 
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last quarter of a century and the number of them now in use in 
India runs into hundreds of thousands. Whilst the sale of such 
implements has been held up by the fall in prices of agricultural 
pr^uce, the annual issues are still large.* A good indication that 
these implements are in regular use is afforded by the number of 
spare parts sold. ^ Originally imported and subsequently made by 
Indian firms these simple ploughs are now being turned out in large 
numbers in many parts of the country by small implement-makers. 
Other implements which in various areas have become important 
are several simple types of harrow and cultivator which are mainly of 
value in perijjiitting timely work on the land and the intercultivation 
of crops in brief intervals between the monsoon downpours. Though 
on the whole the Indian peasant’s time is far from fully employed 
both ho and his bullocks often find difficulty in getting through 
their worje at important periods of the season. 

Manures and Manuring. 

As regards manures and manuring, it must bo admitted that 
India is backward. Despite the maintenanpe of a very .large number 
of cattle, India is short of farm manure partly because a good deal 
of the cattle dung is burnt and partly because the use of litter is 
rare. Slowly the value of composting is being appreciated and 
the steady propaganda carried on by Agricultural Departments 
is doing something to remedy the marked deficaeiujy in organic 
matter which chara(;terizes Indian soils. In certain tracts the 
use of green manure is well known ; in others green-loaf manure 
is common. Oil-cakes are used as manure in many areas, 
particularly castor cake which is produijed in quite large quantities, 
as castor oil js an important lubricant for home use and is also 
exported in substantial amounts. ^Th6 total quantity of ammonium 
sulphate and sodium nitrate used in India as manure now amounts 
to about 60,(X)0 tons per annum, imports of potash manures 
amount to about 4,000 tons and phosphatic manures to about 
14,000 tons. In addition, quite important quantities of phosphatic 
manures an? produced and used in the country. Naturally the 
planting industries are amongst the most important users of con- 
centrated fertilizers but the use of ammonium sulphate and oil- 
cakes** for the more j/aluable staple crops and vegetables is steadily 
increasing though there has been an undoubted check due to the fall 
in prices of all agricultural commodities since 1929. 

Principal Crops. 

Brief numtion may now be made of a few of the principal crops 
themselves. The rice crop (Plate X) is facile 
princeps since the total area in India and Burma 
is no less than 83 million acres*' annually when sowing conditions 
are moderately favourable or about 70 million acres in India alone. 
Rice is the principal food crop in Bengal, Bihar, Orissa, Burma, the 
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'Central Provinces and Madras whilst in the United Provinces it is 
of equal importance with wheat. The total annual production of 
India and Burma is of the order of 32 million tons. The number of 
varieties is great as would’ be expected from the very wide range 
of the crop and the different conditions under which it is produced. 
The highest yields are obtained where the transphyiting of seedlings 
into previously prepared puddled beds is the custom but in most 
provinces there is a substantial area under broadcast rice also. So 
far as India proper is concerned, rice is only a commercial crop to a 
limited extent, there being a small export of high quality rice from 
Bengal to the United Kingdom and Europe and froiq Madras to 
Ceylon. Burma of course is the world’s greatest rice exporter and 
India imports annuaUy from Burma anything up to 2 million tons 
of rice, mainly of the coarser kinds, to supplement internal pro- 
duction. In Bengal and Eastern India generally, rice., is only 
irrigated to a very limited extent. In Madras, on tlie other hand, 
8 million acres out of a total of 12 million acres are irrigated, the 
yield being correspondingly higher. Much work has been done 
on the im pro Yemen t of nee crop by various Agricultural Depart- 
ments, supplemented in recent years by the efforts of the Imperial 
Council of Agricultural llesearch and the total area under improved 
strains in India and Burma now amounts to 3*3 million a(Tes. 

This is the second cereal in order of importance in Indian 
Wheat agriculture, the normal area being 35 million acres 

and production of the order of to 10 million 
tons. The principal wheat-producing provinces are the * Punjab, 
the United Provinces and Sind, in all of which whi^at is an irrigated 
crop. The Central Provinces comes next with the substantial 
area of 3J million acres, mainly unirrigated, so th^jbt yields are 
relatively low. Up to ten yeaTs dgo India was quite an important 
wheat-exporting (;ountr}', export during the war period having 
reached as much as 1*7 million tons in a single year. Latterly 
exports have been less important and during the period of depressed 
wheat prices since 1930 have been non-existent until reccTitly. 
During 1936-37 exports have been resumed and amounted to about 
quarter of a million tons and there are prospects of a larger total 
being reached during 1937-38. Wheat is grown by the Indian 
peasant j)artly as a cash crop and })artly for his own food. * The 
recent wheat marketing survey showed that approximately 45 
per cent, of the wheat was used in the villages of production and 55^ 
per cent, entered the general trade of the country. India has 
quite an important reserve of produ(;ing capacity and as there is 
every likelihood of production in North-West India and Sind 
responding to any permanent improvement in prices, the export of 
wheat from India may again become important. This crop was 
one of the first to receive attent/on’from both the Imperial Depart- 
ment of Agriculture and the Provincial Agricultural Departments 
with the result that the area under improved wheats now exceeds 7 
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million acres of which about half is in the Punjab, about million 
acres in the United Provinces and over half a million acres in the 
Central Provinces. It is also satisfactory to note that the greater 
part of this large area is under half a dozen well-known* improved 
varieties which may be mentioned Punjab 8A, Pusa 12 and Pusa 4, 
and the rust-resistant sharhati wheats of the Central Provinces. 
Of the total wheat area in India no less than 12*8 million acres are 
irrigated. 

The next great group of food crops to be mentioned is the 
millets, the most important of these being the groat millet, Avdro- 
'poaon sorgh'^m (vernacular, juar or cholam) which occupies annually 
about 35 million acres, the second in importance being the bulrush 
millet, bajra {Pennisetum tffphoideum) which occupies annually an 
area of about 18 million acres, the total annual area under all millets 
being ofithe order of 63 million acres. Juar is essentially a monsoon 
crop in the greater part of India and the large area is due almost as 
much to its importance as a fodder crop as to its common use as a 
foodstuff in villages. Bajra also is essentially a village food-crop 
though there are substantial imports of it into somer-towns for use 
by the labouring population. The millets are generally recognized 
to have higher fowi values than rice. Plant breeding work for the 
improvement of these cereals is of more recent origin than that on 
rice and wheat but comparatively rapid progress has been made and 
the area under improved strains is now estimated to be 1,91,000 
acres. It should be added that the great millet (Juar) is also 
grown on* quite substantial scale as a special fodder crop for cutting 
green for the use of both milch and draught animals. 

This very important group of crops accounts for practically 50 

Pulses million acres Annually and is trebly important 

to Indian agriculture. In the first place, they 
form the backbone of many rotations and it is due to the skilful use 
of leguminous crops that the present standard of fertility has been 
maintained in many parts of India with a minimum of manure. 
Their importance as foodstuffs in a predominantly vegetarian 
population needs no emphasis and they make an important 
contribution to the concentrated food supply for animals. The 
variety of pulse crops produced in India is very great and space 
will only permit mention of a few of the principal groups. One of 
the most important is the pigeon pea Cajanus indicMS (vernacular 
flrhar or tur) which is of interest in that it is grown in admixture 
(either broadcast or in lines) with either juar or cotton. Most 
varieties take longer to grow than either a millet or cotton and in 
the former case the greater part of the growth occurs after the millet 
crop is harvested. Arhar dal is one of the most important food- 
stuffs of the country-side. Of other kharif or monsoon pulses may 
be mentioned the following : — * * 

‘ Gram (Cicer arietinum), Peas, Lentils, and many species 
of Pha^eolus. 
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An extremely important winter pulse is gram which occupies 
annually some 15 million to 17 million acres and is specially impor- 
tant in the United Provinces, the Punjab and the Central Provinces. 
It is often grown in combination with wheat, especially on the black 
soils of Central India and the Central Provinces. The total 
area under improved types of gram is now estimated to have 
reached 2,81,000 acres. Of recent years much more work has 
been done on the improvement of pulse crops but this is only just 
beginning to yield results so that the systematic introduction of 
improved strains is yet in its early stage. 

This crop forms a convenient link between the foc^l crops and 
g the commercial crops of India. The present area 

® uuder sugarcane exceeds 4 million acres — an in- 

crease of practically 40 per cent, during the last ten years. This is 
due to a variety of causes of which the principal one is the establish- 
ment of a largo modern sugar industry consequent on tlie grant 



Tbxt-fig. 1 . — Coimbatore (in tropical India) has successfully bred improved 
seedlings for the main sugarcane tracts of Sub-tropical North India. 


Modified from ‘ Agriculture and Livestock in India’, V, pt. Oi (1035). 

of fiscal protection, white sugkr 'production in 1936-37 having 
reached the level of 1,100,000 tons. An equally important cau’se 
is the spread into general cultivation of improved varietiefj of sugar- 
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cane which have made sugarcane production much more profitable, 
even with comparatively low prices for gur or jaggery which is the 
form in which two-thirds of the sugarcane is consumed. The 
principal sugarcane growing provinces are the United Provinces, 
Bihar, the Punjab, Bengal, Madras and the Bombay-Deccan and of 
the 137 modern sugar factories now operating 67 are situated in the 
United Provinces and 35 in Bihar. It is one of the special features 
of sugarcane growing in India that nearly nine-tenths of it is situated 



. Co. 244 . 

Text-fig. 2. — Family Tree of a simple Coimbatore Hybrid, 
lleproducod from ‘Agriculture and Livestock in India’, VI, pt. 6, (1936). 

in the semi-temperate zone and only a comparatively small pro- 
portion is grown in tropical India. The result is that the varieties 
of sugarcane which are most siKc^sful in India are quite different 
frpm the tropical, or ‘ noble \ canes familiar elsewhere. The canes 
now in general cultivation are mainly the productions of the 
Coimbatore Sugarcane Breeding Station and are hybrids which 
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include in their parentage the wild cane (Saccharum spontaneum), 
some of the older Indian varieties and some of the best varieties 
of the tropics. Only in very limited parts of India have direct 
introductions from other* parts of the world proved an economic 
success. The productions of the Coimbatore Sugarcane Breeding 
Station now occupy approximately 3 million acr^s. 

Of the purely commercial crops of India pride of place must 
Cotton given to cotton which occupies an area of 

about 25 to 27 million acres with a gross produc- 
tion of some million bales. Of this usually 2J million bales are 
consumed in Indian mills, and about 3| million bales, ^re exported, 
the remainder being used for miscellaneous domestic purposes in 
villages without enjbering into the tra^e of the country. India is 
second only to the United States amongst the cotton-producing 
countries of the world. Unlike America, there is no siixf^le cotton- 
growing belt and cotton of several distinct species and more com- 
mercial varieties is grown in the different provinces under quite 
varying conditions. Approximately 30 per •cent, of the total 
cotton area in India is.,in the Bombay Presidency which in itself 
exemplifies the diversity of conditions, there being no less than four 
cotton -growing tracts. Grouped according to short staple and 
long staple and ranged under familiar trade names the annual pro- 
duction of cotton in India is approximately as follows : — 


The Indian Cotton Crop of 1936-37 classified according to length of staple. 
(In thousand bales of 400 lbs. each.) 


Long^stapU (over 1 inch). 



Punjab-American 

•• 

47» 

• » 

Medium-staple, A. (1 inch). 



Sind-Sudhar 


100 

Others 


47 

Medium-staple, B. (7/8^ 

to 


31/32-^). 



Surti 


170 

Cambodia 


183 

Hyderabad Gaoroni 


141 

Tinnevellies 


160 

Kumpta-Dharwar 


100 

Punjab-American 


797 

Sind- American . . 


197 

Others 


260 

Short-staple, A. (11/16^ 

to 


27132"). 



Central India . . 1 



Malvi and Nimari ) 


oUO 

C.P. Oomraa 


1^ 

Dholleras-Wagad 


234 

Broach-Kanvi . . 


133 

Others 


189 


Short-staple, B. (18/32^ 

to 

21/32^). , 


Khaudesh Oomras 

. . 245 

C.P. Oomras 

.. 666 

Hyderabad Oomras 

. . 319 

Oholleras -Mattheo 

. . 287 

Burmas 

. . 113 

Others 

49 

Short-staple, C . (17/32^ 

and 

below). 


Bongals-U.P. 

. . 175 

„ S^d . . 

•. 221 

„ Punjab 

. . 1,026 

Others 

.. 135 

Grand Total 

. . 6,307 

■ 

> 
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The most compact single block of cotton cultivation is that 
centring on the Central Provinces, Berar, Khandesh and Central 
India with extensions into Rajputana, the United Provinces and 
even the Punjab, where the main cotton {jroduced is of short-staple 
types including the various fornis of Gossypium neglectum. Of such 
types approximat^y one million bales are consumed in the country, 
the remainder being exported largely to Japan. India also exports 
substantial quantities to the United Kingdom and the Continent. 
The long-staple cottons of Gujerat and part of Kathiawar, of the 
southern part of the BomlSay Presidency and a large portion of 
Madras consfist of the various forms of Gossypium herhaceum, 
differing in numerous important characters but closely related. 
The third group consists of American types (Qossypium hirsutum) 
which are the result of tfic acclimatization of imported types 
and now;, occupy 3| million acres including Punjab- American, 
Sind- American, Dharwar Upland and Madras Cambodia cotton. 
These are all types of much longer staple, suitable for higher counts 
and are in substantial demand by Indian mills, the surplus finding 
a ready export market. Work on the improvenient of the 
cotton crop has been systematic and sustained, especially since the 
establishment of the Indian Central Cotton Committee in 1921, 
The total area under improved strains now in general cultivation is 
3*8 million acres. For more detailed information as to what has 
been achieved in the improvement of the <?otton crop of India 
reference is invited to a separate publication by the Indian Central 
Cotton Committee. It is sufficient to say here that during the last 
15 years a radical change in the balance between short staple and 
long staple cottons in India has occurred. In the typically short- 
staple tracts bQtter-yielding and hardier types, which are more profit- 
able to the grower, have been introduced and whilst in such areas as 
the Punjab and Sind definite new areas of long-staple cottons have 
been established, in the older long-staple cotton areas like Bombay 
and Madras the local cottons have been improved in staple and 
uniformity by the application of modern plant-breeding methods. 
The cotton crop is also unique in that for the last 15 years there 
has beciii maintained in India a Technological Research liaboratory 
under the Indian Central Cotton Committee. Here has been 
carried out systematic work on the fundamental (;haractcrs which 
determine the quality and spinning value of cotton and also the 
systematic testing of new strains of cotton for Agricultural 
Itepartments in order that the most profitable types, from every 
point of view may be brought into cultivation. 

Jute, India’s other great fibre crop, is an Indian monopoly 
and is produced mainly in the province of 
Bengal and the adjoining portions of Assam 
and Bihar. The present area undei^jute cultivation is 2* 18 million 
acres, with an estimated production of some 7 million bales. 
This is far below the potential producing capacity of the jute 
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growing districts, since, owing to the falling off in the world 
demand consequent on general trade depression but also due 
to no small extent to. the development of bulk methods of grain 
handling, the world demand for jute fibre has fallen off. In 
1926 the jute area was only just below 4 million acres and pro- 
duction was estimated at 12 million bales. Work, for the agricul- 
tural improvement of the jute crop has mainly been devoted to the 
establishment of higher-yielding varieties of quality not inferior 
to the standard trade types. Such worj: has boon markedly suc- 
cessful, the present area under improved strains being approxi- 
mately 1*1 million acres. Recently an Indian Coiitral Jute 
Committee, on the lines of the Indian Central Cotton Committee and 
financed by an annu^il grant of five la^hs per annum from the 
Government of India, has been established for the further improve- 
ment of this important agricultural industry. 

Though far less important than the two fibres previously 
„ mentioned, the two Indian hemps are of no 

^ small importance in the aggregate. Sunn hemp 

(Crotalaria jumea)^ the moTe important of the two, occupies annually 
an area of about 600,000 acres. Exports, which have recovered 
markedly during the last three years, now amount to about 33,000 
tons per aimum. The other variety of hemp (Hibiscus cannabinus), 
sometimes known as Roselle hemp and otJierwise as Bimlipatam 
jute, is of more importance for local use than for world trade. 
Both kinds are used largely for the manufacture of ropes and 
twine in India. Sunn hemp is of importance from anotl^r point 
of view in that it is the most generally successful of the green 
manure crops. 

The oilseeds form an extremely important gr»up of (;ash 

Oilseeds crops in India.* The most important of them 
is the groundnut crop which now occupies 1\ 
million acres with a production of nearly 3 million tons. This 
is of special interest as in many parts of India groundnut is a com- 
paratively recent production and tho extension of the area under 
this crop has been extremely steady, having been practically 
uninterrupted since 1924 when tlie area was less than 3 million 
acres. India is a great exporter of groundnuts and also a 
substantial expoi'ter of groundnut oil and of groundnut cake’* but 
approximately 1,300,000 tons out of the average gross production 
of 2,500,000 tons (nuts in shell) is consumed in the country. 
Groundnut oil is an important edible oil over a; large part of India ; 
it is also the principal raw material used in the hydrogenated 
oil factories which have grown up in India during the last few years 
for tho production of various vegetable substitutes for ghi. Work 
on the improvement of the groundnut crop has been in progress 
in Madras for some years and has recently been intensified as a 
result of a grant by the Agricultural Research Council. Successful 
work has also been carried out in the Bombay Presidency on the 
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substitution of a disease-resistant type for the older variety which 
was frequently decimated by the well-known Tikka disease. 

Next in importance comes the group of Brassicac of which the 
most important commercial types are the rape and Inustard of 
Northern India. These are produced mainly for home consumption. 
The annual area approximates to 6 million acres and production to 
a million tons. Exports in recent years have rarely reached the 
100,000 tons mark. The oil is extremely important for food 
purposes whilst the cak^ is an important cattle food. Most of 
the rape and mustard produced in India is crushed in small village 
crushers, fhough an appreciable amount is handled in modem 
factories. Work on the improvement of this group of oilseeds 
is comparatively recent. « • 

The annual area under this crop is about million acres, the 
r most important provinces being the Central 

Provinces, the United Provinces and Bihar. 
The annual production is of the order of 400,000 to 450,000 tons 
though there is i*tiason to believe that this has been considerably 
under-estimated in the past. This cropiis largely grown in admix- 
ture with other crops which renders an estimate of area and yield 
particularly difficult. On the average rather more than half the 
linseed produced in India is exported mainly to the United Kingdom 
and the Continent of Europe, the remainder being crushed in the 
country. Extensive research on linseed has been carried out at 
the Imperial Agricultural Research Institute for many years. The 
Indian linseeds have been completely classified, the various types 
isolated and the hybrids between the bold large -seeded type ot the 
black soil areas and the small-seeded prolific type of the Gauge tic 
Plain have been produced. SeVeral of the hybrids have a high oil 
content and a medium size seed. *'The introduction of improved 
types into general cultivation has recently been undertaken . 

The three principal plantation crops in India are tea, coffee 
, and rubber. The area under tea in India is 

antat on crops approximately 820,000 acres, of which three- 
quarters lies in Assam and the adjoining districts of Northern 
Bengal, the greater part of the remainder being in South India 
mainly the Nilgiris. Production of tea in India is roundly 400 
milfion pounds pdr annum. As is well known, tea production all 
over the world has been excessive and an international scheme^ for 
the regulation of the export of tea has boon into operation since 
April, 1933. Export quotas are allotted by the International Tea 
Committee as a percentage of the standard year 1929-30. The 
current figure is 87 J per cent. In tea we have an example of a 
very highly organized planting industry maintaining its own 
scientific departments — in Nqfthern India by the Indian Tea 
Association and in South India 6y the Tea Section of the United 
Planters’ Association of Southern India. As a result, much valuable 
work ha^i been done and a consistent policy followed over a long 
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series of years to the great good of the industry. Tt is impossible 
to summarize this work in any reasonable space. Of recemt years 
.the work in scientific departments of the two Associations has been 
mainly d6voted to a study of the fundamental reasons underlying 
cultural and manurial methods. « 

Coffee production in India is mainly limited to a part of the 
Coffee Madras Presidency, the State of Mysore and the 

small province of Coorg with small areas in the 
Travancoro and Cochin States, the totaj area acitually under coffee 
being rather over 180,000 acres. The annual total production of 
cured coffee is about 34 million pounds and exports intrecent years 
have averaged 8,700 tons. India is one of the most important 
producers of fine mild coffee in the world. Of the totjil number of 
nearly 7,000 plantations reported over 3,000 were small planta- 
tions of between 5 and 10 acres covering about 20,000 acr^s in all. 
Coffee research is provided for at the Coffee Kesearch Station at 
Balehonnur in the Mysore State which is financed jointly by the 
Mysore Government and the United PlanttJrs’ Association of 
Southern India. The fecently established Indian Coffee Cess 
Committee is mainly concerned with propaganda to inctrease the 
consumption of Indian coffee both in India and abroad and works 
in London through the Indian Coffee Market Expansion Board which 
is presided over by the Indian Trade Commissioner. Tlie Committee 
has also, in co-operation with the Imperial Council of Agricultural 
Bosearch, inaugurated research on the quality of coffee. 

The total area under rubber in India and Burma is? approxi- 
Rubber mately 226,000 acres of which 175,001) acres 

was tapped. About 47 per cent, of the total 
area is in Burma, 43 per cent, in* Travancore, the remainder being 
in Madras, Cochin, Coorg and Mysore. Bubber exports are liraitc(l 
by the International Scheme for the regulation of rubber production 
and export. 

Statistics of fruit production in India are markedly deficient, 
Fruit especially as no small part of the total is 

accounted for by roadside trees and unrecorded 
small groves which are of special value to the rural popula- 
tion. But so far as can be ascertained the area under fruit is about 
million acres. Fruit research has received* a marked stimulus 
during the last few years by grants from the Imperial Council 
of Agricultural Besearch which is financially supporting a cog 
ordinated scheme of work. This embraces a hill fruit research 
station in the Kumaon Hills of the United Provinces for work on 


apples and other temperate climate fruits, one for mangoes and 
plains fruit at Sabour in Bihar, n, plains fruit research station in 
the Madras Presidency, a special ^scheme of work on citrus fruits 
at Nagpur with special reference to the santra type of orange, 
another at Lyallpur with special reference to the Malta type* of 
orange and a scheme of experimental work on the cold /storage of 



156 


imiiD 80IEN0E3 07 INDIA.. 


C 

fruit at Poona in the Bombay Presidency where tests are carried 
out for all provinces. 


Animal HussANbRY. 

Reference has already been made to the large number of live- 
vStock maintained in India but unfortunately it has to be recorded 
that many of these are of extremely poor quality. Nevertheless the 
livestock industries in India are worth annually to the country 
no less than Rs.l.SOO crorei made up somewhat as follows : — 


Crores of Rs. 

1. Cattle labour in agriculture . . . . 408*00 

2 . Labour for purposes^ other than agriculture 127*00 

3. Dairy products . . . . 540*00 

4. Manures . . . . . . 180*00 

5. • Other products . . . . . . 30-00 

6. Living animals exported (inland trade 

omitted) . . . . . . 0*24 


Total . . 1,285*24 

c ___r_ 


The approximate composition of Indians livestock population 
(including Indian States and Burma), as shown at the 1935 census 
was as follows : — 


Bulls and Bullocks 


66 millions. 

Cows 


53 

»» 

YoiVng Stock 


49 



Total (Ox tribe) 

168 


Male Buffaloes 


7 


Female Buffaloes 

% 

22 


Young Buffaloes 


18 

99 


Total Buffaloes 

47 

99 


Total Bovines 

215 

99 

Sheep 


43 

99 

Goats 


53 

99 

Horses and Ponies 


2 

99 

Mules and Donkeys 


2 

99 

Camels . . 


1 

99 


GiiAND Total . . 316 


The first and greatest problem in regard to this huge population 
Diseases . domestic animals is the control and prevention 

of epidemic disease and this object has had 
the unremitting attention of tlm Imperial Institute of Veterinary 
Research and of provincial Civil Veterinary Departments during 
the last 25 years — and with very striking results. The deaths 
Irom conl^gious diseases in the provinces of India and Burma had 
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been .reduced from 4,00,000 in 1925-26 to 3,00,000 in 1932-33, 
2,64,000 in 1934-35 and 2,50,000 in 1935-36. Deaths from 
rinderpest have fallen from 2,78,000 in 1925-26 to 1,41,000 in 
1934-35 and 1,38,000 in •1935-36. The latest discoveries of the 
Muktesar Research Institute, two methods of vaccination with a 


goat virus of fixed virulence, have provided an inexpensive means 
of conferring lasting immunity against rinderpest and, given organi- 
zation and determination, there is no apparent reason why most at 
least of the country should not be cleared of this disease. Systema- 
tic control measures are also in operation against the other cattle 
plagues, viz,, Hssmorrhagic septicsemia, black quarter ajid anthrax, 
the necessary vaccines and sera being supplied by the Central 
Veterinary Institute., It has also been jiossible in recent years to 
devote attention to other diseases of domestic animals which though 
less fatal arc of possibly greater economic importance tjian the 
plagues referred to above. The strengthening of the staff at the 
Imperial Veterinary Research Institute (including the setting up 
there of separate sections of pathology, bacteriology, serology, 
helminthologyi^ protozoq/ogy and entomology, each under a 
specialist), coupled with the appointment in each province of a 
disease investigation officer who maintains liaison with the Central 
Institute has made possible a great advance. More attention has 
also been paid in recent years to animal nutrition both from the 
economic standpoint and in connection with the maintenance of 
health, a fully equipped animal nutrition laboratory has recently 
been established at Izatnagar near Bareilly for this purpose, •attached 
to the Izatnagar Branch of the Central Veterinary Research 
Institute. The work carried on by Dr. Warth at Bangalore on the 
nutrition of Indian Cattle and the*composition of Indian foodstuffs 
has been continued and develo|)ed.* Experimental work of a similar 
nature, but not overlapping with the Izatnagar programme, is being 
carried out at several centres including Lyallpur, Coimbatore and 
Dacca by provincial Agricultural Departments. The question of 
grass land improvement has also received attention recently. 

Breeding work for the actual improvement , of cattle has 
B di d followed three main lines in those provinces 
ree ng where most attention has been devoted to it. 


These are : (1) The breeding and supply of suitable stud Bulls ; 
(2) the establishment of definite breeding areas where intensive 
work is carried out under premium bulls schemes or other suitable^ 
methods, and (3) the systematic castration of scrub bulls. 

The number of approved bulls at stud in 1935-36 was approxi- 
mately 10,000 an advance of 13% on the previous year but still far 
too small. During 1936-37 as the result of the initiative and example 
of His Excellency the Viceroy a great stimulus to cattle improve- 
ment has been given. It has Recently been decided to set up 
provincial livestock improvement Boards (or Associations) which 
will continue to raise funds and advise on their application. 
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Pedigree herds of most of the more important and valuable" 
Indian breeds of cattle (Plates XI and XII) have now been 
established and the following may bo mentioned. 

I. Milch Breeds. 


Herds maintained at 


Sahiwal . . * 

. . New Delhi (I.A.R.I.), Manjahra (U.P.), Lyallpur, 
Ferozepur, Montgomery Dist., Nagpur, and 
Ranchi. 

Tharparker . . 

. . Ranchi, Patna, and Kamal. 

Hariana 

Kdrnal, Hissar, Madhuri, Khund, and Ellichpur. 

Scindi 

. . Allahabad, llangalore, Hoaur, Trivandrum, 

• 

Poona and Mirpur Khaa. 

Oir 

Bombay and Bangalore. 

Kankrej 

. . Chharodi and Baroda (Bombay Presidency). 

Ongole 

. . Giintur. 

Murrah Bu ffaloes 

t 

Punjab, United Provinces and Sind. 

II. Draught. 

Kangyam 

* . . Hosur and Palayakottai. 

Hariana 

. . Hiasar. ^ 

Dhanni 

Punjab. * 

Amrat Mahal 

. . Ajjampur (Mysore). 

Khairgarh . . 

. . Hompur (U.P.). 

Ponwar 

. . Hempur (U.P.). 

Malvi 

. . Central Indian States and C.P. 

Gaolao 

. . Central Provinces, 

Bhagnari 

. . Sind. 

Deoni 

Hingoli. 


Another important step was taken during 1936-37 in the 
setting up of Breed Committees and the starting of a scheme for the 
central registration of pedigree animals of the principal milch breeds 
of India, viz., Sahiwal, Scindi, Tiiarparkar, Hariana, Kankrej, Gir, 
Ongole, Murrah Buffaloes. 

The experience of recent years has emphasized the special value 
of these indigenous Indian breeds. Not only are they hardy and 
disease-resistant but under proper conditions of feeding and 
management the best have reached a very satisfactory figure of milk 
production especially when allowance is made for the systematically 
high percentage of fat. 

A central dairy institute and farm mainly for the purpose of 
. . instruction in the principles of dairy-farming 

^ ® and European dairy methods has been main- 
*tained by the Central Government at Bangalore for many years. 
Funds have recently been allotted for the enlargement and develop- 
ment of this institute and of a branch at Anand in Gujarat to include 
a larger amount of experimental work and research on milk and 
milk products. A great immediate problem is that of a better 
supply of milk to Indian cities. * This can only really be solved by 
talcing cows out of the cities and sending in milk from suitable 
country areas. This calls for immediate experimental work on 
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processing and transport which will be taken up at the enlarged 
Imperial Dairy Institute. A report on the steps to be taken to 
develop Indian dairying has been made by Dr. N. C. Wright, 
Director o£the Hannah Dafiiry Research Institute, Ayr, Scotland 
who toured through India on behalf of the Imperial Council of 
Agricultural Research in 1936-37 to study the problem. 

In this brief note it has been impossible to give any adequate 
picture of Agriculture and Animal Husbandry in India but those 
who are interested are invited to consult the annual publication 
of that name issued by the Imperial CoundTl of Agricultural Research 
and the annual report of that body. 


Appendix I. ^ 


Area {in thousands of acres) under cultivation for principal crops^ 

•j 

1930-31. 1931-32. 1932-33. 1933-34. 1934-35. 1935-36. 


Rice 

82,846 

84,374 

82,882 

83,423 

82,507 

81,841 

Wheat 

32,189 

33,803 

32,976 

36,071 

34,490 

33,605 

Sugarcane 

2,801 

2,971 

3,317 

3,311 

3,481 

4,003 

Tea • . . 

803« 

806. 

809 

818 

826 

826 

Cotton 

23,812 

23,722 

22,483 

24,137 

23,972 

25,994 

Jute 

3,492 

1,862 

2,143 

2,517 

2,670 

2,181 

Linseed 

3,009 

3,309 

3,299 

3,261 

3,410 

3,402 

Rape and Mustard . . 

6,632 

6,220 

6,094 

6,034 

5,338 

5,268 

Sesamum 

5,618 

5,639 

6,256 

6,307 

5,230 

5,633 

Castor seed 

1,457 

1,583 

1,617 

1,534 

1,448 

1,447 

Groundnut 

6,579 

5,489 

7,409 

8,226 

5,766 

5,784 

Coffee 

160 

172 

176 

183 

185 o 

188 

Rubber 

192 

184 

180 

224 

225 

228 

Other crops 

83, .596 

85,422 

83,361 

82,662 

81,815 

79,835 



Appwndik 

II. 


(• 



YieU 

of principal crops. 




Rice *000 tons 

32,198 

33,001 

31,114 

30,907 

30,238 

27,902 

Wheat „ 

9,306 

9,024 

9,455 

9,370 

9,729 

9,426 

Gur „ 

3,228 

3,975 

4,676 

4,896 

5,140 

5,903 

Tea *000 lbs. 

391,080 

394,083 

433,669 

383,674 

400,095 ; 

396,660 

Cotton *000 bales 

5,226 

4,007 

4,657 

5,108 

•4,857 

5,963 

Jute „ 

11,205 

5,542 

7,072 

7,987 

8,500 

7,215 

Linseed *000 tons 

377 

416 

406 

376 

420 

384 

Rape and 




0 


0 

Mustard „ 

988 

1,025 

1,042 

943 

900 

954 

Sesamum „ 

526 

476 

551 

541 

406 

461 

Castor-seed „ 

120 

146 

151 

143 

105 

119 

Groundnut „ 

2,766 

2,268 

2,997 

3,330 

1,884 

2,228 

Coffee *000 lbs. 

32,973 

33,613 

33,037 

34,601 

32,744 

41,162 

Rubber „ 

24,351 

20,117 

6,381 

12,915 

37,156 

48,545 

Other Crops *000 tons 

18,368 

17,793 

17,653 

16,974 

18,052 

17,925 



EXPLANATION OP PLATE X. 


The Assamese cultivator and his family harvesting paddy. 
Reprodu\;ed from Agriculture and Livestock in India, Vol. VII, pt. 4, (1937). 
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EXPLANATION OP PLATE XI. 


Bull No. 539 Kajad ; Born 12-2-1930 ; Sire— Raja ; Dam— Adami ; 
Dam's best lactation — 7,850 lb. ; Weight on 21-12-1935 — 
1,100 lb. (Photographed on 13-12-1935). 

Reproduced from Agriculture and Livestock in India, Vol. VI, pt. 6, (1936), 
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EXPLANATION OP PLATE XII. 


Early maturity bull Nala No. 602 ; Born — 25-2-1932 ; Sire — 
Narayan ; Dam — Lalagi ; Dam’s best lactation — 7,425 lb. ; 
Weight on 21-12-1935 — 1,164 lb. (Photographed on 
13-12-1935). 

Reproduced from Agriculture and Livestock in India, Vol. VI, pt. 6, (1936). 
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Of all the field sciences included in this volume ai^jhaeology 
dealing with the vicissitudes of man’s culture throughout the 
ages is the last. In a country of the size ’and antiquity of India 
the sum total of man’s endeavoui^ throughout the millennia of its 
existence must baffle any atteinpt to summarize the main features 
of the story of India’s culture through the ages which is here 
sketched within the limits of available space. 

The story of India’s culture begins in Peninsular India when 
St Ad palaeolithic man wielded rough hewn stone 

one ge implements in the valleys of Narmada, Godavari 

and other river systems of the South. The oldest finds to 
which a date can be assigned on geological (but not on archaeo- 
logical) grounds is the find of a *boucher’>at Bhutra in the 
Narsinghpur District of the Central Provinces. Bones of extinct 
mammals were found associated with this rough stone implement. 
Another important find of a slightly more advanced technique 
is an agate chip found in the bed of the Godavari at Mungi 
in the Ahmednagar District opposite Paithan in the Nizam’s 
Dominions. Various other finds in the Nizam’s Dominions, 
Mysore, Shevaroy hills and the Jawadi hills and in the ravine beds 
in the Madras Presidency testify^o the existence and the habitat 
and wanderings of palaeolithic man. The neolithic stage is mbre 
widespread and embraces finds of fiints in Upper Sind %nd in the 

( 161 ) 
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Sohan valley in the Northern Punjab and the Assam hills in the" 
north-east, while South India again continues to be prominent bh 
the map of neolithic India. Systematic investigation of the typical 
neolithic sites of the advanced stage hat yet to be undertaken and 
may reveal the steps by wljich man recorded the tremendous 
advance which is a feature of the next or chalcolithic stage. It is 
noteworthy that in South India the iron age succeeds closely in 
the wake of the neolithic culture without any intervening copper 
or bronze age, which is of so great importance in North-Western 
India. ^ 

Fifteen years ago it appeared as if the historic civilization of 
India descended upon an aboriginal population 
the Indus G^tore introduced to metal tools, if not still 

wielding implements and weapons fashioned 
from sto^e. The hoary civilization of the valleys of the Nile and 
Euphrates hardly seemed to have any counterpart in the valleys of 
the Indus and the Ganges, although the physical conditions in the 
latter appeared to be as conducive of rearing a robust population 
and as extensive and advanced a civilization as any }n the ancient 
world. The province of Sind, which, but for a number of Buddhist 
establishments barely 1,500 years old, was then perhaps the most 
unimportant part of India to the archaeologist, has now been brought 
into its own as one containing the richest and most important sites 
in the country. Mohenjodaro, the premier ancient city of Sind, is 
not only the oldest known but also the best preserved site in India, 
which, more than any other discovery in Indian archaeology has 
stimulated the interest of scientists and scholars. The origin of 
every aspect of Indian art and culture has now to be traced to 
Mohenjodaro, times. Thus the famous limestone statuette of a 
bearded man draped in an uppef galment with trefoil embroidery 
(Plate XIII) is the earliest attempt in Indian sculpture. The art of 
the seal-cutter and jeweller, the conch-worker arid lapidary, the skill 
of the town-planner and house-designer and various other advances 
in the technical arts indicate the high level of the Indus valley 
civilization. Investigations in other parts of Sind, Baluchistan, the 
Punjab and Kathiawar have brought to light a wealth of other 
smaller sites, which well illustrate the scope and extent of this 
ancient Indian culture. Some trial excavations at Nal and other 
places in Baluchistan and recent work by the American expedition 
at Chanhudaro have thrown more light on certain other aspects and 
phases of this culture of the Indus valley. In the Punjab the 
city of Harappa, more extensive but less well-preserved than 
Mohenjodaro has yielded important material, particularly in the 
shape of a cemetery. It is undoubted that if work is extended to 
other sites in Punjab and Sind they will yield further valuable 
material for the reconstruction bPthis remarkable civilization. In 
tho North-West Frontier Province the discovery of certain terra 
cottas from the lower strata of certain mounds near Charsadda is 
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being ascribed to the same early period, and if this opinion is con- 
firmed by further researches, it will undoubtedly prove the strong 
root which the civilization had taken throughout the Indus basin. 

The (Continuation of the ancient Indian culture from the Indus 
valley to the Gangetic plains has not yet been 
No^ clearly traced, but there can be no doubt that 

the next few years will see the links between 
the prehistoric and historic cultures of India firmly established. 
In Northern India the age of copper ^nd bronze seems to have 
continued for a sufficiently long period, but apart from implements, 
which have been brought to fight by chance finds, no systematic 
excavation has yet been attempted. The most common imple- 
ments are shouldered^celts, harpoons, axes, spear heads and swords, 
which have been discovered at various places in the United 
Provinces. The most important and biggest hoard of prehistoric 
metal implements and objects came from Gungeria of the Balagarh 
District of the Central ftovinces. It contained as many as 421 
specimens of almost pure metal and 102 laminae df silver, exhibiting 
an amazing variety of implements. More work if done at a suitable 
site in the Uniteci or Central Provinces is likely to establish con- 
nection between these copper age finds and the Indus civilization. 

The correlation of the early Vedic and Brahmanic literature 
which is localized with any archaeological 

History^^ ® remains in the Punjab and United Provinces 
^ has not yet been established and the entire 
epoch from about 2,500 B.C. to 500 B.C. is a strange gap In Indian 
cultural continuity. The immigration of the Aryans into India 
and their colonization and gradual settlement over the whole 
expanse of Northern India has *bndoubtedly to be^ fitted some- 
where into this period, but archaeology has so far been unable to 
settle the chronology of the principal events and occurrences referred 
to in the vast Vedic and epic literature. 

One group of monuments, which was long believed to belong 
to the Vedic age, is the so-called Vedic burial cemetery at Lauriya 
Nandangarh in Bihar. Recent work at this site has proved that 
the mounds at this place do not go back to any high antiquity, 
although some very interesting and extensive structures showing a 
novel type of architecture have been found. Rajgir, the ancient 
capital of Magadha, is another place reputed to have existed before 
the time of Buddha, but beyond the city walls of crude cyclopeauj 
masonry, which may date anywhere from the 7th century to the 
3rd century B.C., no definite relics of an early age have been dis- 
covered. 

When light again emerges on Indian history the Indo-Aryan 
civilization has, already worn itself out and a 
Dawn ^ Historic pj.Qt0gt against the orthodox Brahmanical 
religion had already made itself felt in the 
shape of Buddhism and Jainism. The earlier monuments of these 
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faiths pertain to the third and second centuries B.C. and it was 
the royal patronage of the Mauryan emperors A4oka and Dadaratha 
and that of the Kings of Orissa such as Kharavela that enabled 
these protestant faiths to erect monuments of outstanding import- 
ance. From this time onwards the main currents of Indian history 
are quite clear and the systematic field work of the last thirty 
years has enabled archaeologists to study the tangible remains of 
the different periods and in the various historic tracts of India. 

Before the discovery qf the Indus civilization, the monuments 
A ^ Mauryan period, then the earliest known 

ArSfitecrifre”^ India, provide a great stumbling block to 
the students of architecture. With the distant 
background provided by the Indus V«alley remains, it is not now 
difficult to conceive of the achievements of Mauryan artists as the 
products of an age-long tradition enlivened by fresh contact with 
the Perso-Greek world. The results of regular excavations at 
Pataliputra (roughly modern Patna) and Sarnath, as also the 
number of artistic 'objects brought to light in course of the sewage 
operations at Patna, leave no doubt abovt the flourishing state of 
arts in the Mauryan age. Jn one respect, viz., the manufacture of 
terra cotta figurines, there seems to have been maintained a remark- 
ably high level of technique and there is little doubt that in other 
respects similar will be found to be the case. What is indisputable, 
however, is the fact that stone carving and stone architecture was 
for the first time attempted in the Mauryan period, and in some 
of the examples of the latter class, timber prototypes are postulated. 
The caves at Barabar in Gaya District, excavated for the Ajivika 
sect of ascetics in the time of Da^aratha, the grandson of the famous 
Buddhist Enfxperor A^oka, are aij' outstanding example of the cave 
architecture of this period. In sculpture, the capitals, which 
Ai§oka provided for his pillars, the best example of which is the 
exquisite vSarnath capital (Plate XIV), represent the art of the 
Imperial court, which does not seem to have much affected the 
trend of popular art. The latter is represented by certain statues 
from Patna, Besnagar (Central India) and Parkham (near Muttra) 
which are characterized by a feeling of volume and mass, though 
in pqjnt of sculptural modelling it represents a primitive conception. 

In the time ol' the Sungas, who came into power during the 
nu u t H century B.C., Indian art made further strides 

• SuAga Art towards development, and the Buddhist stupa 
at Bharhut (Central India) which is the most 
remarkable monument of this period, illustrates its simple but 
expressive character. The fragments of the railing around the 
Bharhut stupa, which are now kept in the Indian Museum, Calcutta, 
show how the artists have synceeded in narrating the stories 
of Buddha’s life and his former liirths, both human and animal, 
wfth a naive beauty all its own, in spite of technical shortcomings 
in modelling and perspective. Among the series depicted in the 
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Safichl and 
Mathura 


panels, special mention may be made of the dream of Maya, 
Suddha’s mother, the royal processions of the kings of Rajgir and 
iSravasti visiting the Buddha, the acquisition of the Jetavana 
park by the merchant Anathapindaka, who had the whole ground 
strewn with gold coins, and the former lives of Buddha as a monkey, 
a dfeer or an elephant. Besides these several other reliefs on the 
railing pillars depicting demi-gods and yakshas, male and female, 
which no doubt occupied much space in popular imagination are 
noteworthy. ^ 

The magnificent Buddhist remains at Sanchi in the Bhopal 
State are the best preserved in the series of 
early Buddhist monuments in India. Here the 
main stupa, which yyas probably built by the 
Mauryan Emperor A6oka, was later faced with stone atui sur- 
rounded by a stone railing pierced by four gateways,, one on 
each cardinal point, which are elaborately decorated with figure 
sculptures and bas-reliefs illustrative of Buddha’s life or the jdtaka 
legends. The art of Sanchi shows a still further development in 
technical skiil and moi;p conventionality and in itself covers a 
century-long development which brings us to the beginning of the 
Christian era. Another great centre of art, which commenced its 
activity at this period but which was to attain phenomenal develop- 
ment in the succeeding centuries, is Mathura. Here the abundance 
of stone in the neighbourhood seems to have been availed of by 
all the religious persuasions alike, and some of the earliest 
Brahmanical and Jaina images in India were maniifactul\3d at this 
centre. In fact, Mathura is one of the most important and prolific 
centres of sculpture throughout Northern India. 

The domination of the Graec^-Bactrian, Scythiaiti and Parthian 
rulers in the North-west of India introduced a 
R 1 flood of new artistic ideas based on the Hellenistic 

of Gandhara^ ideals of beauty. This gave rise to a new school 
in the North-west of India popularly known as 
the Graeco-Buddhist school of Gandhara which rose in the l8t-2nd 
centuries of the Christian era. One innovation introduced by the* 
Gandhara school was the image of the Buddha, which was not hither- 
to attempted by the sculptors of the indigenous school, the presence 
of the Buddha being always indicated by meails of symbolic repre- 
sentations. The Museums at Lahore and Peshawar and, to a less 
extent, the Indian Museum, Calcutta, bear witness to the intensp 
devotion of the Buddhists of North-west India and the prolific 
activity of the sculptors trained in Hellenistic traditions. The 
impact of these neV forces that were making themselves felt in 
the North-west reached Mathura along with the Kushan domination 
in 2nd century A.D., and in duq course extended further inland 
both to the East and South, Some of the Gandhara motifs are to 
be fofind slightly modified in the products of the Buddhist school 
in the Krishna Valley as at Amaravati and Nagarjuniknnda in the 
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Guntur District of the Madras Presidency. On the whole, how- 
ever, the Hellenistic element in Indian art was completely absorbed 
by the 4th century A.D. when under the stimulus of the Gupta 
Emperors, Indian art reached its classical age. 

In Western India the growth of Hinduism has left few other 
1 monuments except the rock cut caves which 

** Caves*' ® offer fascinating material for the student of 
architecture. The geological formation of 
Western India with its de^p strata of volcanic trap rock iS' res- 
ponsible for the concentration of more than 80 per cent, of India’s 
cave temples in this part of the country. The earliest among the 
series are the groups at Bhaja and Karla near Poona, the Chaitya 
Hall at the latter place being one of the mo^^t impressive of the 
series. Both in the decoration of the fa 9 ades as well as the interior 
arrangem'jnts, these groups of oaves at Nasik, Kanheri and other 
places in the Bombay Presidency offer much admirable material 
to the student. Their dates are fixed by a large number of inscrip- 
tions of the Andhra kings and the Western Kshatrapas occurring 
in them who lived in the Ist and 2nd cipnturies A/D. Some of 
these continued to be inhabited till the Gupta epoch and the world 
renowned caves of Ajanta in the Nizam’s Dominions preserve the 
best known examples of Indian paintings which are unparalleled 
in the East. 

The rise of the Gupta dynasty in Northern India in the 4th 
century A.D. ushered in the golden age of 
Medieval Art Indian art in every branch of fine arts. Indian 
genius had this time fully assimilated all 
that was best in the foreign influences that were brought to 
bear during the previous centuries and a thoughtful synthesis 
resulted in which the best impulses of Indian art were given full 
expression. The keynote of the work of this period was a broad 
intellectualism and a balance between spiritual thought and material 
expression. The best sculptures of this period have been found at 
Samath, Mathura and Deogarh in the United Provinces, while 
‘examples of terra cotta and minor arts have been found in practi- 
cally all the excavations in North India. In the field of religion, 
the steady ascendency of the Brahmanical faith over the Buddhist 
schools began in the Gupta period and gradually gained rapid ground 
particularly in Western and Southern India. In Eastern India, 
however, Buddhism continued to hold its ground in Bihar 
and Bengal until it was finally ousted by the onrush of Islamic 
invasion in the 12th century A.D. 

In Western In dia, the caves at Badami in the Bijapur District, 
the capital of the Chalukya kings, the magnlfi- 
Brahma^cal ^^t Kailasa ^mple at Ellora in the Nizam’s 
ern'^and "souA- I^oDt^inions built in the 8th century, and the 
em India Elephanta caves near Bombay with some of 

o the most powerful and expressive sculptures 
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‘ in India, are outstanding examples of the enthusiastic activity of 
the followers of the revived Brahmanical religion. In Southern 
India the seven Pagodas at Mahabalipuram and the temples at 
Conjee varam, both near Madras, show the spirit and vigour of 
art under the Pallava kings. The* seven Pagodas, although cut 
out of living rock, are perfect examples of strucUiral temples, and 
the huge bas-reliefs representing the animated scenes of the 
.descent of the Ganges (Plate XV) are wonderful specimens of 
• Pallava art. The foundations of South ^Indian art and architecture 
laid by the Pallavas were later to provide the superstructure for 
the great architectural efforts under the Cholas and stiA later under 
the Vijayanagara empire. The great examples of Indian temple 
architecture are prot^ided by the temples in the South Indian or 
Dravidian style at such centres as Tanjorc, Chidambaram, Madurai, 
Trichinopoly and Karnes varam. * 

In Eastern India, the great Buddhist centre from which much 
of the cultural expansion of, Indian Buddhism 
Later Bud- j^orthem and Eastern countries emanated 
India' " SJalanda. An idea of the splendour and 

eminence of this place can now be had from the 
excavated stupas (Plate XVI) and monasteries and the antiquities, 
particularly the magnificent collection of bronzes, recovered from the 
ruins. The remains at Paharpur in Bengal consisting of a gigantic 
central temple surrounded by a very extensive monastery (Plate 
XVII) afford a glimpse of Bengal of the pre-Muslim epochf of which 
no extant remains have survived. In fact, field archaeology has had 
a much wider scope in the plains of Northern India where very few 
remains of architecture, dating before the Muslim invasion, have 
survived. 

In Central India a number of local schools of art register a steady 
decline of the ideals and achievements of the 
architecture ^ Gupta times. Among architectural ideas, the 
most prominent is the emergence of the iikhara 
type of temple with its elongated spire and scu>ptural decora- 
tion as compared with the simple fiat-roofed temple of the 
Gupta period with its restraint and dignity. Several regional 
types of temples can be studied, one being located at Khajuraho 
in Central India and another and a more magnificent one at 
Bhuvanesvara in Orissa. The temples in Gujerat and Rajputana/ 
among which those dedicated to the Jaina faith are pre- 
dominant, form an important regional type, while in the Deccan 
and Carnatic there is a widely prevalent style of architecture coming 
down from the times of the Chalukya kings of the Deccan. In 
Mysore the temples at Belur ana Somanathpur form prominent 
exam{^es of the local style of architecture which is known after 
the Hoysala rulers. , 
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The emergence of the forces of Islam in Northern India iq. the 
12th century put an end to the indigenotcs 
islamc^Monu- artistic and sculptural activities, but in the 
earlier products of Idamic monuments such as 
the Great Mosque built by Qutb-ud-din at Delhi, it is evident 
that the dommapt features of the art of the conquered Hindus 
made themselves felt in the monuments of the alien faith. Here- 
after Islamic architecture manifested itself into several local 
styles, each characterized by local peculiarities in which the indi-* 
genous element was not slow to assert itself. Thus the splendour ' 
and effeminate beauty of the Gujerat carving is a prominent feature 
of the mosques at Ahmedabad, while in Bengal the monuments at 
Gaur and Pandua reflect ig no uncertain mapner the langour and 
decadence of the late Pala work in Bengal. Some of the local styles 
such as l^ose at Mandu in Malwa and particularly at Bijapur strike 
an original and strong note. In and around Delhi and Agra the 
advent of the Moghuls ushered in an era of architectural magni- 
ficence, of which the tomb of Humayun at Delhi, the splendid 
remains at Fatehpur Sikri built by Akbar ^and the great Taj Mahal 
are the most magnificent examples. 




EXPLANATION OF PLATE XIII. 


Limestone statuette from Mohenjodaro. This is the only 
piece of sculpture recovered from the Indus Valley excavations. 
It represents a bearded man, probably of aristocratic stock 
as is evident from the upper garment which he is wearing. This 
garment or shawl is embroidered with trefoil leaves which are 
picked out in ochre red. The attempt shows the primitive state 
of the sculptor’s art in the Indus Valley as contrasted with the 
contemporary sculpture of Egypt and Sumer and the advance in 
other technical arts such as that of the potter and seal-cutter in 
India itself. 
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Plate XIIJ. 



EXPLANATION OF PLATE XIV. 


Polished stone capital found at Sarna?;h in course of excava- 
tion. It originally crowned the monolithic pillar which AiSoka, 
the great Buddhist Emperor, set up at the place where the 
great founder of the Buddhist religion preached his first sermon. 
The excellent polish and the technical perfection of this piece, 
particularly the lions crowning the piece and the animals on the 
abacus, entitle this piece to be considered among the masterpieces 
of Indian af-t. The animals on the abacus are an elephant, a bull, 
a horse and a lion, which are interpreted as symbolizing tlie con- 
ception, birth, migration and enlightenment of the Buddha. 
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Dikshit : Archo&ology in India, 


Plate XIV. 




EXPLANATION OP PLATE XV. 


Rock carvings at Mahabalipuram, popularly known as the 
Seven Pagodas near Madras. These wonderful specimens of 
Pallava art are referred to the 6th-7th century A.D. The present 
relief represents the scene of the descent of the Ganges which 
was brought down from heaven through the efforts of King 
Bhagiratha. A number of animated scenes with men and animals 
are depicted on either side of the river which itself is shown as a 
shallow depression through which actually water passed from the 
top of the rock. 



FIELD SCIENCES OF INDIA. 


P:5KSHIT : Archmlogy in India, 


Plate’ XV. 


EXPLANATION OF PLATE XVI. 


A view of the great temple at Nalanda, which with its 
numerous temples and monasteries was the biggest centre of 
Buddhism from 6th to 11th century A.D. The main temple, 
originally constructed about the 5th or 6th century A. I)., under- 
went no less than six renovations, all of which have been brought 
to light by a careful excavation of the stupendous mass. The 
towers at the corners have been decorated with figures in stucco. 
The finds of stone and particularly bronze images, besides inscrip- 
tions, seals, etc., at Nalanda constitute a record and have been 
very valuable for the reconstruction of the history of art and 
religion in Et^^stern India. 




EXPLANAa^ION OP PLATE XVII. 


The great temple at Paharpur in the Itajshahi District 
of North Bengal. The excavations c6*nducted hSre for about 
a decade have brought to light the remains of a magnificent 
temple surrounded by the largest single monastery in India with 
180 rooms. The plan of the central temple with its multiple 
terraces, recessed angles and friezes of terra cotta plaques is unique 
in India but has been widely followed in Burma, Siam and Java. 
In the basement a number of stone sculptures representing 
Brahmanical deities and the stories of the exploits of Krishna — 
the 'earliest in Bengal — have been found. The establishment was 
founded by Dharmapala of the ,Pala dynasty in the 8th century 
and continued till the 12th centitry A.D. 
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